Neuropsychological Aspects of Epilepsy Surgery by Alpherts, W.C.J. (Willem Cornelis Johan)
Neuropsychological Aspects of Epilepsy Surgery
Alpherts, W.C.J.
Neuropsychological Aspects of Epilepsy Surgery
Thesis, University Utrecht
ISBN: 90-9017148-7
Cover: Mieke Gerritzen
Layout: Slothouwer Produkties, Amsterdam
Printed by: Print Partners Ipskamp, Enschede
Neuropsychological 
Aspects
of 
Epilepsy Surgery 
(met een samenvatting in het Nederlands)
Proefschrift
ter verkrijging van de graad van doctor aan de Universiteit Utrecht
op gezag van de Rector Magnificus, Prof. Dr W.H. Gispen
ingevolge het besluit van het College voor Promoties
in het openbaar te verdedigen op
vrijdag 10 oktober 2003 des voormiddags te 10:30 uur
door
Willem Cornelis Johan Alpherts
Geboren op 30 mei 1949 te Amsterdam
Promotors: Prof. Dr C.W.M. van Veelen
Prof. Dr F.H. Lopes da Silva
Co-promotor: Dr P.C. van Rijen
From the Department of Neuropsychology, Epilepsy Center SEIN (Stichting Epilepsie
Instellingen Nederland), Meer en Bosch, Heemstede; in close cooperation with the Di-
vision of Neuroscience, Department of Neurosurgery, of the University Hospital
Utrecht.
This thesis was financially supported by the Foundation: ‘Christelijke Vereniging voor
de Verpleging van Lijders aan Epilepsie’ and by the Van Leersumfonds KNAW.
No part of this book may be reproduced in any form, by print or any other means without
written permission of the author.
May I see Einsteinbrain now...
(A Japanese saying)
To Janet, Tim and Jamie

Contents
Chapter 1 Psychological Assessment in Epilepsy Surgery 9
(Part of Chapter 14 from:  A.P. Aldenkamp, W.C.J. Alpherts. 
Psychological assessment. In: H. Meinardi (Ed). Handbook of
Clinical Neurology, Vol 72 (28): The Epilepsies, Part I. 
Elsevier Science, 1999, chapter 20.
Chapter 2 The Wada Test: Prediction of Focus Lateralization 
by asymmetric and symmetric Recall. 25
(Epilepsy Research 2000, 39(3): 239-249)
Chapter 3 Epilepsy Surgery under local Anesthesia: Better 
Postsurgical Language and Memory Outcome? 43
(Submitted for publication)
Chapter 4 Lateralization of Auditory Rhythm Length in 
Temporal Lobe Lesions. 55
(Brain and Cognition, 2002; 49(1): 114-122)
Chapter 5 Long Term Effects of Temporal Lobe Resections on 
Intelligence in Epilepsy. 69
(Submitted for publication)
Chapter 6 Continuing decline of verbal memory after left 
temporal epilepsy surgery: A six year follow-up study 83
(Submitted for publication)
Chapter 7 General Discussion. 109
Chapter 8 Summary 123
Curriculum Vitae 129
Dankwoord 130
List of Publications 131

Chapter 1
Psychological Assessment 
in Epilepsy Surgery
A.P. Aldenkamp,
W.C.J. Alpherts. 

Psychological assessment
in epilepsy surgery
Epilepsy surgery has become an excellent option for patients with refractory focal
seizures. The majority of these patients have seizures from temporal lobe origin. Ex-
tratemporal seizures have in most cases a frontal origin, seizures from parietal or occipital
regions are rare. The epilepsies in which commisurotomy can be helpful form a special
case.
The road towards the realisation of an operation is long. One of the many assess-
ments the patient undergoes, besides EEG, PET, MRI and psychiatry, is the neuropsy-
chological assessment. It is necessary that the psychological make-up of a patient is thor-
oughly known before operation. There are many factors that can play a role in the cogni-
tive status of the patient after operation. To unravel the multifactorial outcome, com-
parisons have to be made between pre- and postoperative level, which requires particu-
lar emphasis on retest effects. It is not a rare occurrence that improvement of patients af-
ter surgery is reported without carefully controlled test material. It is impossible to use
the Complex Rey-Osterrieth Figure twice for instance without knowing what the carry-
over effect of the second presentation is.
A patient will not often be rejected from operation on the basis of his neuropsycho-
logical performance, although a lower IQ level of 70 is often set. With lower IQs, the
chances increase for multiple foci, or diffuse brain damage (Falconer 1973; Van Ness
1992). The neuropsychological outcome (intelligence, memory) after an operation is
closely related to the level of performance before operation. There is a close relationship
between preoperative neuropsychological impairment, and seizure control and neu-
ropsychological performance after operation. An increase of intelligence test scores after
temporal resection for instance is correlated with seizure relief (in combination with
EEG signs), and absence of pathology (Lieb et al. 1982). Higher preoperative perform-
ances on the memory and language measures are associated with larger decrements in
postsurgical scores only among the LTE (left temporal epilepsy) patients (Chelune et al.
1991).
The neuropsychological pre-assessment screening has to include tests in all fields
that may be affected by the operation. Neuropsychological confirmation of lateraliza-
tion or localization of the focus is eagerly wanted by neurologists but not always possible.
Evidence for correct localization is sparse (Boon et al. 1991). Often the decision criteria
are not clear. The idea that administering a neuropsychological test battery in epilepsy is
sufficient to localise the functional deficits is not true. These are highly dependent on
the kind of lesion that causes the epilepsy. Seizures caused by tumours for instance often
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have more marked effects than seizures without anatomical lesions. The relationship be-
tween functional deficit and anatomical (epileptogenic) lesion must be looked at with
care. A temporal epileptogenic focus may excite the frontal lobe, causing frontal neu-
ropsychological deficiencies (Milner 1975). After removal of the temporal focus the
pathway is disrupted and the frontal effects will then fade away (Bornstein et al. 1987).
Selection for surgery can never be based on neuropsychological tests alone. Only careful
comparison of data between different assessments (surface EEG, depth EEG, PET, MRI
and neuropsychological performance) gives optimal certainty about the site of focus.
An excellent survey of batteries and test(areas) is given by Jones-Gotman et al.
(1993b). It represents the results of a questionnaire received from 82 centres that at-
tended the 1992 Palm Desert II conference. 
The list of tests in table 1 is a selection. There is more agreement about fields of in-
terest than about tests used. Jones-Gotman (op.cit.) gives satisfaction-means also. In
tests for adults the range is 3.0 - 4.7 on a scale from 1.0 - 5.0. Thus it seems that all tests
used are satisfactory, a result that appears rather questionable.
In each category only the most important tests are given. As language and memory
are the most vulnerable functions in a frontal or temporal operation, the screening must
include extensive language and memory tests. In TLE (temporal lobe epilepsy) memory
bottleneck structures play an important role (Markowitsch 1995). These are regions in
the brain through which (episodic) information has to pass to become long-term stored
(Papez circuit and basolateral circuit). Subdivisions of memory (episodic, semantic, pro-
cedural) vs. STM (short term memory) and LTM (long term memory) are only partly
mirrored in neuropsychological (epilepsy) tests, because semantic and procedural mem-
ory are almost never affected in epilepsy. The neuropsychological importance of many
classical tests is taken for granted. The WAIS was not intended to be a neuropsychologi-
cal instrument. The Hooper test was made in an era in which organicity wielded the
sceptre. The Seashore Rhythm test alternately points to the left, right or no hemisphere
(Duffy et al. 1984; Sherer et al. 1991). The Wisconsin Card Sorting test should measure
frontal lobe damage (Drewe 1974; Milner 1963), which was subsequently refuted (An-
derson et al. 1991). Dichotic listening is often used to identify patients with possible bi-
lateral or right hemisphere dominance. The methodology however is hard to control.
Task variables can have a huge influence on the outcome of this task. Besides this, a Vi-
sual Half Field task (which is hampered by the same methodological difficulties) can add
to the evidence. Language material exposed to one hemifield, which is at first processed
only in one hemisphere, should be recognized better and faster in the dominant hemi-
sphere.
Efron (1989) points out the multiplicity of external factors which play a role in R/L
asymmetries in visual and auditory modalities in normal subjects. (Table 2)
It is clear that it is impossible to control all these variables in the different cate-
gories. This is why the result of L/R tasks is unstable. One never should conclude to an
atypical speech representation on the basis of a dichotic listening task and/or a visual
half field task alone. The Wada test (explained below) is the golden standard for assess-
ing cerebral dominance. Only when a Wada test is not possible, for instance due to an al-
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Table 1
Neuropsychological fields of interest in epilepsy. Most popular tests.
adults children
General batteries General batteries, inventories
WAIS WISC
WPSI (Dodrill e.a. 1980) Raven’s Coloured and Progressive 
Matrices
Fepsy (Alpherts 1987)
Cerebral Dominance
Language Language and academic
Token Test (De Renzi & Vignolo 1962)  Token Test (De Renzi & Vignolo 1962)
Naming test Naming test
Reading test Peabody Picture Vocabulary Test
Writing test Semantic Fluency
Semantic Fluency
Auditory Auditory
Rhythm test Seashore Tests
Dichotic listening Dichotic listening
Viruospatial, perceptual, nonverbal Viruospatial, perceptual, nonverbal
Hooper Developmental Test of
Facial Recognition Visuo-Motor Integration
Mazes Corsi Block Span
Corsi Block Span
Attention Attention
Trail Making Test Trail Making Test
Motor, sensory, speed and reaction Motor, sensory, reaction time
Reaction time Reaction time
Finger oscillation Finger oscillation
Flexibility, problem-solving, fluency Flexibility, problem-solving, fluency
Wisconsin Card Sorting Test Wisconsin Card Sorting Test
Word fluency Oral word association test
Stroop test Stroop test
Learning and memory: batteries Learning and memory: batteries
Wechsler Memory Scale-Revised Wechsler Memory Scale
Learning and memory: verbal Learning and memory: verbal
Story recall Story recall
Paired Word learning Paired Word learning
Learning and memory: visuospatial and Learning and memory: visuospatial and
designs designs
Rey-Osterrieth Complex Figure Rey-Osterrieth Complex Figure
Corsi Blocks Sequence Learning test
Behaviour, personality, emotional
Child behaviour checklist
lergic reaction to amobarbital, should the results of a dichotic listening task be interpret-
ed without further control. Only performing a Wada test because the results of the di-
chotic listening task indicate the possibility of altered speech dominance must be
strongly discouraged. Unfortunately, dichotic listening tasks and Visual Half Field tasks
are often interpreted without a proper awareness of the multiplicity of factors that can
influence the result. 
On the other hand there are fields lacking in the list, such as olfaction, music, im-
agery and vigilance. All of these can be subject to damage after neurosurgery and have a
tremendous effect on Quality of Life, and appropriate tests should, in future, be included
in the battery.
the wada test
There is widespread agreement about the necessity of performing a Wada test, which
thus serves special attention here. Before the use of amobarbital in establishing hemi-
spheric dominance was described (Wada 1949), Gardner (1941) used procaine in two
left-handed patients to prove that the suspected left hemisphere was not speech domi-
nant. It was not until 1960 that the first publication about the use of amobarbital was
written in English (Wada and Rasmussen 1960). Until then these publications only de-
scribed the test as a tool for detecting hemispheric dominance. Shortly after this last
publication the other major use of the test was described: memory functioning in the
hemisphere contralateral to the injection (Milner et al. 1962). Since then the Wada test
is used in most centres that perform epilepsy surgery as a standard tool in the presurgical
evaluation in patients with intractable (temporal or frontal) epilepsy. It serves primarily
as an aid for the neurosurgeon in knowing the relative strength of language and memory
functions in the brain hemispheres.
The importance of the knowledge of the representation of language and memory in the
brain should be clear. Language areas have to be spared in an operation. Memory assess-
ment is needed because bilateral lesions in mesial structures of the temporal lobe, not
only the uncus and amygdala, but also the hippocampus and gyrus hippocampalis cause
profound and irreversible amnesia (Scoville and Milner 1957). The same can occur in
unilateral temporal lobectomy, if there is an electrographical abnormality in the hemi-
sphere contralateral to the operation. The injection of sodium amytal causes short inac-
tivation (5 - 10 minutes) of one hemisphere, including speech and memory areas, thus
serving as a chemical analogue of an operation. The procedure is not standardized, there
are even different methods of injecting the drug. Although the Wada test is by far the
most valid dominance test, some centres (described in a survey by Jones-Gotman et al.
1993a) have enough confidence in the validity of ‘normal’ outcome of standard neu-
ropsychological assessment not to perform an invasive Wada test. In our series of 368 in-
jections (192 patients) the percentage morbidity is about 1%. During the years, the risk
decreased with the experience of the radiologist and careful patient selection.
There is a close relationship between handedness and hemispheric dominance.
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The higher incidence of left handedness in an epilepsy population (10% vs. 5% in a
“normal” population) is due to the dominance shift in left hemisphere lesions occurring
before the age of 5. This goes hand in hand with a higher proportion of right and bilater-
al hemispheric dominance (both 15%) in left handers (Rasmussen and Milner 1975).
Handedness must be known, for instance by a handedness questionnaire (Annett 1970).
An argument against Wada testing in children under age 13 was set by Williams and
Rausch (1992), memory scores are lower, especially in left hemisphere foci. The cooper-
ation of the younger patient is often difficult to judge beforehand and sometimes leaves
you with uninterpretable results.
wada procedure
A division can be made between a standard procedure, involving injection in the inter-
nal carotid artery, and several forms of selective positioning of the catheter, thereby nar-
rowing or occluding the range of affected brain areas. In all methods the patient must
have been fully neuropsychologically screened and prepared for the test the day before.
Normally, IQ levels should be above 70-80. In individual cases lower levels may be possi-
ble with the test items of the Wada test tailored to the patient. The test has to be record-
ed on (video)tape with sensitive microphones attached near the head. Normally an an-
giogram is made before the Wada test and EEG performed during the test. The interpre-
tation that the slowing of contralateral EEG is responsible for speech arrest or aphasia is
a difficult one to make, and should be looked at carefully.
In a typical standard Wada, 60-200 mg (in the Netherlands 125 mg) amytal is in-
jected, while the patient is supine. He is asked to count backwards from 100 and move
his fingers, while his arms are extended. After injection, the contralateral hand will be-
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Table 2
Factors influencing L/R hemisphere asymmetry.
subject stimulus method
sex energy name
age location match to sample
handedness contrast localize
education size detect
language complexity reaction time
set threshold randomization
strategy number of concurrent tasks
practice difficulty evoke potential
attention verbalizability recognize
imagination duration selective report
come paretic. Counting often stops if the dominant hemisphere is injected. In most cas-
es the EEG will show slow waves, but this is sometimes not accompanied by the expect-
ed behavioral effects. It is also possible that behavioral effects are present in the absence
of EEG effects. Language is then tested by having the patient read words which is the
first function which is recovered. If words can be read, objects can often be named, al-
though paraphasic errors and dysartria can occur. As well as one-syllable objects, one has
to choose objects which are more difficult to pronounce in order to elicit errors. A good
method is also to show a picture to the patient and have him describe the situation
(spontaneous speech).
After this three possible protocols for evaluation of memory can be used:
1. material presented during amytal inactivation and recognition after the effects
have disappeared (Montreal procedure).
2. presentation of material during amytal inactivation and recall within the inactive
state (Seattle procedure).
3. presentation of material within the inactive period and recall afterwards (interview
method).
Unpublished data by Dodrill (Jones-Gotman et al. 1993a) suggest an agreement between
these three methods of 64% for classifying patients as either “passing” or “failing” the
memory tests. A cut-off score of 50% is used then for passing/failing the test. We follow
the Montreal procedure. Two and a half minutes after injection, the patient is presented
with five items, three pictures, the name of a country and a proverb. These have to be re-
called 15 minutes after injection. Immediately after this presentation a story has to be re-
called which has been told before injection. Quantitative scoring reflects the retrieval
process. Paraphasic errors can also be noted as the patient retells the story, an activity
which prevents the patient from rehearsing the presentation. A modified Token test with
5 items can now give additional information about language problems. After 15 minutes,
the 5 test items have to be recognized in multiple-choice format with three foils.
reliability and validity
The reliability and the validity of the Wada test are much in debate. The reliability of
the test seems to be reasonable (McGlone and MacDonald 1989). There are several da-
ta from centres which suggest that a failure on the Wada test does not always indicate a
risk for postoperative amnesia (Loring et al. 1992; Novelly and Williamson, 1989). It
has been claimed that true positives exist (Rausch et al. 1993). This was because pa-
tients (a number of 6 had been identified) had been operated after a Wada prediction of
amnesia, and the amnesia in fact occurred after operation. False negatives have also
been described (Dasheiff et al. 1993).
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In our sample of 215 only 14 patients (6.5%) failed the test. They all passed a sub-
sequently performed superselective Wada. No global amnesia was found after operation.
Evidence for a lower Wada memory and corresponding neuronal CA3 cell loss was
found (Sass et al. 1991). The extent to which medial area is removed, is also negatively
correlated with retention of memory material (Katz et al. 1989). These important find-
ings support the idea that the Wada memory test is measuring real memory deficiency
and that patients who fail to show memory contralateral to the focus side have to be ex-
cluded for operation. 
alternative methods
Several alternatives for the identification of functional areas have emerged. Electrical
stimulation mapping has already been used for a long time (Brekelmans 1999). Because
the language areas are often very localized with on/off boundaries of 0.5 cm, it is impor-
tant that electrodes are placed accurately. New techniques make this possible.
fMRI is one of the most promising new methods. It has the potential to be a stan-
dard tool for investigating language dominance in a non-invasive way (Binder et al.
1996; Benson et al. 1999). However, the number of patients in these studies is still low,
which poses validity problems, particularly in cases of right hemispheric dominance.
testing during operation
If an operation is needed in the dominant hemisphere, stimulation during operation can
be valuable. This technique requires that the patient does not panic and is mentally
strong enough to maintain quite a long period of consciousness while the neurosurgeon
is operating. By stimulating discrete parts of the eloquent cortex and at the same time
showing the patient pictures which he has to name, paraphasias can be elicited. Even
memory can be tested in this way. The value of this technique however is limited (Oje-
mann et al. 1993).
One suspected area for language has emerged recently, the basal temporal area. Al-
though it is claimed there are no lasting language deficits after the resecting of this area
(Lüders and Awad 1992), other publications warn against operation in this area (Lüders
et al. 1986; Burnstine et al. 1990; Schäffler et al. 1994). It is advisable to try to map these
areas during operation.
neuropsychological effects of epilepsy surgery
The presurgical neuropsychological performance serves as a baseline against which post-
surgical results can be compared. The moment of testing and how often testing occurs af-
ter operation is important. Testing too early gives results which are blurred by the short-
term after effects of the operation. Waiting too long is unacceptable for the patient and
the other disciplines. The Dutch Collaborative Epilepsy Surgery Program in the Nether-
lands follows the patient at three times: 6 months, 2 years and 6 years after operation.
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Auditory verbal learning difficulties which exist after dominant temporal lobe excision
tend to last only for three to five years (Blakemore and Falconer 1967). Permanent re-
covery is possible, but is negatively correlated with age and the ongoing occurrence of
seizures. This makes a neuropsychological assessment before six years after operation not
a true reflection of a steady state and must be interpretated with care. Most institutions
stop follow up after 1 year. This gives an incomplete, distorted reflection of patients’ fu-
ture abilities.
Intelligence changes after temporal lobectomy can be divided in short term (1
month post) postoperative decline (Meyer 1959; Blakemore and Falconer 1967; Milner
1975; Powell et al. 1985) and recovery on a longer time basis. Short term effects on in-
telligence are caused by temporary edema of the brain tissue and are thus not of impor-
tance in describing the situation of the patient. Effects after 1 year seem to yield an over-
all picture of slightly better results after nondominant than after dominant resection
(Rausch and Crandall 1982; Novelly et al. 1984; Warrington et al. 1986; Olivier 1988;
Leonard 1991). The increase of the IQs mostly stay below the expected retest increase of
3.5 for the VIQ and 9.8 for the PIQ (Seidenberg et al. 1981) and must in fact be regarded
as a decrease. An important finding is that if no pathology is found in the resected tissue,
the IQ tends to be lower (Lieb et al. 1982). It is probable that functional tissue has been
removed too.
Damage to the temporal lobes does not normally result in a deficit in immediate
memory span (Milner 1965). However, deficits have been shown depending on the na-
ture of the task. Sequential presentation puts more “work load” on the right hemisphere
than simultaneous presentation (Tucker et al. 1986).
Material specific loss of memory after unilateral temporal lobectomy has been ex-
tensively described (Milner 1975; Taylor 1979; Katz et al. 1989). This holds for antero-
grade memory as well as retrograde amnesia (Barr et al. 1990). Verbal memory declines
after dominant lobectomy, visuo-spatial memory declines after nondominant lobecto-
my. This pattern can be refined. The same as holds for intelligence, can be seen in mem-
ory. If the removed tissue is functional, ipsilateral deficits occur. If the tissue was patho-
logical, contralateral improvement can be seen (Milner 1975). Postoperative seizure re-
duction is an important factor in improvement (Novelly et al. 1984). Most improve-
ment can be seen after nondominant resection, probably because the dominant tempo-
ral lobe has a higher potential to cope with verbal and nonverbal memory (Cavazutti et
al. 1980; Rausch and Crandall 1982; Ivnik et al. 1987). Early onset of seizure disorder
can cause a crowding effect, an anomalous representation of function: Saykin et al.
(1989) found that figural memory after left temporal lobectomy of early onset patients
worsened. 
The correlation of the extent of the resection with memory decrement was studied
by Katz et al. (1989). Due to small numbers of patients (n=20) and high numbers of cor-
relations, none of the correlations was significant.
An attempt to describe different task sensitivity of the hippocampal area vs. lateral
neocortex was done by Rausch (1992). Performance on unrelated word-pairs could be
impaired in hippocampal damage, while recall of logical prose is sensitive to lateral tem-
18
poral lobe regions, however defects are not often found. 
Language ability tends to be lower preoperatively in patients with dominant tem-
poral lobe epilepsy (Hermann and Wyler 1988). This group showed improvement in re-
ceptive language comprehension and associative verbal fluency after operation. Lan-
guage problems can occur after operation if the resection edge lies near the eloquent cor-
tex. A function more ascribed to the frontal lobe as word fluency tends to be affected in
patients with TLE (the strongest effect seen in anterior TLE) in both hemispheres (Mar-
tin et al. 1990). These often resolve over time.
Frontal lobe resections normally have little effect on intelligence or memory such
as found in temporal excisions. Still, frontal lobectomy gives rise to a multiplicity of dis-
orders. Well known are the aphasias, poor associative learning, poor temporal memory
and disorders of planning. In planned epilepsy surgery Broca’s area is normally spared, so
that dysphasia seldomly occurs. Spatial (Milner 1982) and paired (Owen et al. 1995) as-
sociative learning was found to be decreased. Subtle motor effects often can be shown
(tapping). For example, deficits of stimulus (motor) response compatibility are seen after
frontal lobectomy (Konorski et al. 1972).
Olfaction is a function that deserves more attention in the neuropsychological
screening. Sometimes a patient complains about change in taste. The importance of the
orbitofrontal cortex in olfactory discrimination has been shown (Jones-Gotman and Za-
torre 1988; Zatorre and Jones-Gotman 1991). Temporal lobe excisions can disrupt the
pathways to the orbitofrontal cortex and thus have an disconnecting effect on olfactory
discrimination.
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Chapter 2
The Wada Test:
Prediction of Focus Lateralization by
asymmetric and symmetric Recall
W.C.J. Alpherts
J. Vermeulen
C.W.M. van Veelen
abstract
Purpose. The intracarotid amytal test is commonly used as a predictor of memory dys-
functioning after anterior temporal lobe resection (ATL) for intractable epilepsy. Asym-
metry in memory scores can provide focus lateralizing information. In this study the pre-
dictive value of a set of Wada test parameters was analyzed, including patients with sym-
metrical memory scores. Methods. The Wada test was performed in 226 patients under-
going ATL (94 L, 132 R). Data were collected on item recognition (5 items), story re-
call, amytal dose, presentation time, EEG and arterial filling of amytal. A logistic regres-
sion analysis was performed on these data in order to find a set of variables which could
best predict the side of seizure onset. Results. The analysis yielded 4 variables, i.e. both
memory scores, story recall after right sided injection and presentation time of stimuli af-
ter left sided injection which could correctly predict seizure lateralization in 85% of the
cases. Misclassification was lower for right foci then for left foci. Seizure outcome was
four times more favourable in the correctly classified patients. Conclusions. The results
suggest that prediction of focus lateralization in temporal lobe epilepsy can be fairly ex-
act even if left/right memory scores are equal. Performing the Wada test with only five
memory items keeps the time window of active amytal short enough and gives accurate
information about contralateral temporal lobe functioning. The classification scheme
can be useful in predicting a lowered chance of seizure freedom.
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introduction
For more than three decades the intracarotid amytal test (Wada test) has been used as a
standard technique in assessing hemispheric dominance for language and as a predictor
of memory dysfunctioning (Milner et al., 1975; Scoville and Milner, 1975; Milner and
Penfield, 1995) after temporal lobe resection. For the assessment of language dominance
it is still the gold standard. However, as a predictor of memory dysfunctioning the validi-
ty is still open to question. Since the first article by Milner et al. (1975), an increasing
number of patients have undergone the Wada test for assessing the risk of post-operative
amnesia. However, direct evidence of a correlation between failing a Wada test (memory
loss during ipsilateral injection) and the occurrence of a profound memory loss after oper-
ation is scarce (Rausch et al., 1993; Loring et al., 1994b; Dade and Jones-Gotman, 1997).
For ethical reasons a validation based on the results of an operation on patients who had a
positive Wada test cannot be performed, although sometimes done. It is therefore surpris-
ing that it was only a decade ago that the question of validity of the Wada test was raised
(Alpherts et al. 1991; Alpherts, 1996; Dinner et al., 1987; Loring et al., 1990).
The possible association of an epileptic focus and memory dysfunctioning (the lat-
eralizing value of the Wada test) was described earlier. In the Wada test, each injected
hemisphere is graded pass or fail for its ability to support memory. Using only pass/fail
memory scores (Rosenbaum et al. 1987; Rausch et al. 1989; Salanova et al. 1992) in clas-
sifying a focal lesion in one hemisphere throws away information that may be provided
by asymmetrical memory scores above the cut-off score, i.e. in the “pass region”. Even
small differences in an otherwise sufficient bilateral Wada memory performance could
seem to indicate that this is influenced by an epileptic focus.
If the pass/fail criterion is refined to a fixed difference score more subjects can be in-
cluded to predict the focus side (Wyllie et al. 1991; Perrine et al. 1995b; Davies et al.,
1996), but this still leaves out a group with similar scores.
In the only study applying discriminant function analysis, using the memory scores
after left and right injection as prediction variables the prediction of seizure laterality
was correct in 81.5% of the cases (Kneebone et al., 1997). This suggests a moderate sen-
sitivity of the Wada test to tap temporal lobe dysfunction.
In the former studies the memory scores are used in predicting focus side, either
with an absolute cut-off (pass/fail) score, or with a relative difference score. In the first
method the subjects who score above the cut-off score in both injected hemispheres can
not be assigned, in the second method there is an intermediate indifferent group that
cannot be assigned.
In the present investigation, as an extension of an earlier study (Alpherts et al.,
1995), Wada memory scores and other Wada test variables are put in a logistic regression
model in which the focus side of every patient can be predicted. The purpose of incorpo-
rating other Wada test variables in the model is to increase the prediction by the infor-
mation yielded by those other variables which might be related to focus lateralization.
By using regression on all variables it was possible to assign every case, even if the Wada
memory scores were equal.
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subjects
The subjects were all patients with intractable temporal lobe epilepsy enroled in the
Dutch Collaborative Epilepsy Surgery Program, a multidisciplinary working group,
which coordinates the surgery of epilepsy in the Netherlands (Van Veelen et al., 1990).
They were examined between 1986 and 1998 for the possibility of resective epilepsy sur-
gery. As a standard procedure, patients were tested in both hemispheres. Patients with
frontal or parietal seizure onset were discarded because of the small numbers in these
groups. As a result, a total of 226 patients with temporal lobe epilepsy underwent a bilat-
eral injection of amytal.
Focus side was assessed based on semiology, interictal and ictal scalp EEG with
video monitoring, MRI and PET. In uncertain cases depth EEG was performed accord-
ing to the method described by Van Veelen et al. (1990) and by Gerritsen et al. (1995).
Table 1
Demographic, and clinical characteristics
Focus left Focus right
n 94 132
Gender (male/female) 46 / 48 65 / 67
Age at Wada test1 32.7 (9.9) 33.1 (9.2)
Age at seizure onset 10.9 (8.0) 11.0 (7.9)
FSIQ2 106.6 (14.7) 111.0 (14.3)*
VIQ 103.5 (15.3) 109.4 (15.1)**
PIQ 110.7 (13.8) 111.7 (13.9)
Handedness (right/left/ambidexter) 81 / 12 / 1 116 / 11 / 5
Language dominance (left/right/bilateral) 76 / 6 / 12 126 / 1 / 5
Pathology  
Mesiotemporal Sclerosis exclusively 50 70
Neoplastic lesions exclusively 13 18
Malformative lesions exclusively 6 10
Nonspecific (incl. dual pathology) 7 14
Not abnormal 3 8
1 Sds in brackets.
2 WAIS (Wechsler Adult Intelligence Scale)
* p<.05, two-tailed
** p<.01, two-tailed
As shown in Table 1, there were more patients with a right than a left focus. Gender, age
and age at seizure onset are uniformly spread among focus groups. Patients with a right
focus had a higher Full Scale IQ (FSIQ, p<.05) and a higher Verbal IQ (VIQ, p<.01), as
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is not unusual (Chelune et al., 1993; Selwa et al., 1994). Although patients with IQs as
low as 70 were entered in the surgery protocol, IQs were higher than in most other stud-
ies. Left handedness is represented almost twice as often in the left focus group (14%) as
in the right (8%). Right hemisphere language dominance occurred more often in left
sided foci. The diagnosed pathology, where data is available, mainly consists of a group
of 120 patients with mesiotemporal sclerosis (MTS) exclusively without other lesions
and 3 smaller groups with different kinds of lesions. Only 11 patients did not exhibit tis-
sue abnormalities.
methods
Intracarotid injections were performed by transfemoral catheterization under local
anaesthesia. First a Digital Subtraction Angiography (DSA) was performed, which
could show any crossflow of the contrast medium in the A1 and A2 segments of the an-
terior cerebral artery (ACA), and filling of the ipsilateral posterior communicating ar-
tery (PCA). Crossflow of contrast medium is thought to reflect crossflow of the later to
inject amytal, and hence influence opposite hemisphere functioning. Since the PCA
variably supplies the hippocampus degree of PCA perfusion could influence memory.
Although these effects of crossflow and filling generally are not found (Smith et al.,
1993; Perrine et al., 1995a; Silfvenius et al., 1997), interaction effects with other vari-
ables could not be excluded. They were scored either present or absent.
After this, the patients underwent the amytal test bilaterally on the same day under
electro-encephalographic and video control (Alpherts, 1996). A minimum inter-injec-
tion interval of 30 minutes was used. Halfway through the study period the standard dose
was changed from 150 mgs amytal to 125 mgs, the rate of injection was 4 secs. The
change in dosage was done to lower the risk for the patients and to comply to the most
widely used dose that is reported only to have an influence on the absolute memory
scores (Loring et al., 1992), and not on recognition (Perrine et al., 1995b). In our series
there was no correlation between dose and the difference between ipsilateral and con-
tralateral memory scores (Pearson-r=.09). As it could interact with other variables, it
was incorporated in the regression.
Before injection, the subjects were read a story of the same complexity and length
as in the Wechsler Memory Scale (WMS) that had to be remembered. This was done to
tap retrieval of memory material during amytal inactivation. On injection (suspected
side first), the patient had to count backwards with both hands raised. In 2 patients the
injection was at the side contralateral to the subsequent surgery, based on preliminary
but not conclusive EEG data.
If contralateral hemiplegia occurred and once the EEG showed unilateral slowing,
language dominance was assessed by having the patient name familiar objects and de-
scribe the “Cookie Theft” picture (Goodglass and Kaplan, 1983). After 2.5 minutes 5
memory items were presented after each other in such a manner that it was clearly seen
by the patient. Normally the presentation of these items lasts not longer than one
minute. These comprised 3 pictures: a playing card, a photo of a face or a card with
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stamps, a line-drawing of a common object, and 2 verbal items: the name of a country
and a well known proverb. Due to drowsiness of the patient the presentation of these
items was variable and delayed until the patient was at least able to follow objects with
his eyes. Only those scores were included in which hemiparesis was present during the
presentation. After this, the story had to be recalled, scored from 0-20 in the same man-
ner as in the WMS. This recall could contain paraphasic errors, giving an indication
about hemispheric dominance. After 15 minutes the 5 memory items had to be recalled,
each correct recall accounting for 20% of the total score. If necessary, each item was pre-
sented with 3 foils similar to the targets. Correct recognition was scored the same as re-
call. If the patient could recall the category of the item (e.g. “it was a card with stamps”),
but chose the wrong one, it was scored as half correct. A memory performance of at least
50% after injection ipsilateral to the side of the supposed focus had to be reached in or-
der to continue the protocol for surgery. If the memory score on this side was below 50%,
we had to rely on a superselective Wada test, in which the amytal is injected selectively
into the posterior cerebral artery (PCA) (Jack et al., 1988). After a PCA injection, pa-
tients do not become aphasic, so that memory can be tested in the absence of language
disturbance. Only the results of the standard amytal test were used in this study.
Handedness was assessed by the Annett handedness questionnaire. The occur-
rence of paraphasia(s) was considered indicative of language dominance. In some cases
bilateral speech representation was diagnosed without occurrence of paraphasias. Diag-
nosis in these patients was based on the occurrence of prolonged speech arrest while the
subject had his eyes open and was in definite contact with his surroundings.
data analysis
Missing data.
The Wada test is a method without strict constraints, due to unpredictable intervening
factors. For instance, it makes no sense to show the memory items after 2.5 minutes, if
the patient is totally inattentive. During the test, adaptations must be made to the pro-
cedure. This sometimes results in incomplete data, which have to be estimated. In this
study some data are lacking, mostly due to trying to fulfil the time constraints of the test.
The presentation of memory items could be prolonged by inattentiveness of the patient
or the assessment of language dominance was given priority above recall of pre-injection
material. This resulted in some loss for only two variables. The scores of the story recall
are incomplete, 22.1% are missing of this variable after left injection and 13.3% after
right injection. Several solutions are possible to complete the data, especially when data
are missing nonrandomly, as in this case (Kromrey and Hines, 1994). A multiple step-
wise regression analysis was chosen in which the variable was predicted from the vari-
able set as giving the best results in terms of correlation of the new data with the original
data (Pearson-r=.81) (Frane, 1976). This high correlation indicate that the estimations
are accurate.
A number of variables are dichotomous in nature. For this reason a logistic regres-
sion analysis instead of the widely-used discriminant analysis was performed on the data
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(Norusis, 1993). The goodness-of-fit-statistic was used to test how well the model fits,
i.e. how well the actual data can be used to predict focus side in new cases.
results
On the basis of the two focus groups, the means of both groups on all the variables are
presented in Table 2.
Table 2
Means and SDs of test variables and number of cases of angiographic characteris-
tics
Left temporal focus Right Temporal Focus
(N=94) (N=132)
ipsilateral contralateral ipsilateral contralateral
amytal dose in mgs 129.10 (12.7) 129.00 (12.0) 133.64 (13.7) 133.61 (15.0)
presentation time1,2 3.31 ( 0.7) 3.49 ( 0.9) 3.28 ( 0.7) 3.88 ( 1.7)
memory score (0-100) 80.74 (21.5) 66.63 (28.3) 90.76 (16.8) 50.95 (31.1)
story recall (0-20) 7.43 ( 3.6) 7.03 ( 3.6) 9.60 ( 3.8) 8.05 ( 3.9)
EEG normalisation time 6.87 ( 2.4) 8.02 ( 2.4) 6.96 ( 2.6) 7.93 ( 2.7)
contralateral EEG effect2 0.48 ( 1.0) 0.63 ( 1.2) 0.51 ( 1.0) 0.47 ( 1.0)
crossflow3 in A1 6 11 15 15
crossflow in A2 32 26 28 35
posterior cerebral artery fillings 48 45 50 50
1 time of presentation of first item
2 timed variables in minutes
3 number of cases with crossflow of the contrast medium in the A1 and A2 segments of the anterior cerebral artery
As can be seen in Table 2, the largest differences are found in the Wada memory scores
which all studies use for the pass/fail criterion. Contralateral injection yields a much
lower mean memory score. The pass/fail criterion is set in our procedure to 50%. Pa-
tients who score 50% or more, are considered not to be at risk for postoperative global
amnesia.
By using the difference between the Wada memory scores alone a prediction can be
made about focus side. Table 3 (first section) shows the number of patients in which one
of the two memory scores is below the cutoff score. This follows the Wada test impera-
tive: one should not operate in the hemisphere contralateral to a hemisphere with dys-
functioning memory.
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Table 3
Classification based on simple scores and on the logistic regression model
Focus classified on pass/fail criterion only (n=83)
left right % correct total % correct
Observed focus
left 18 5 78.3 (19.1)
right 2 58 96.7 (43.4)
overall 91.6 (33.6)
Focus classified on difference scores (n=185)
left right % correct total % correct
Observed focus
left 48 20 70.6 (51.1)
right 11 106 90.6 (80.3)
overall 83.2 (68.1)
Focus classified on logistic regression (n=226)
left right % correct
Observed focus
left 74 20 78.7
right 14 118 89.4
overall 85.0
As shown in Table 3, by using the pass/fail criterion a left focus can be predicted in 78%
of the cases and a right focus in 97%. This holds only for the subgroup of 83 patients.
When this procedure is applied to the whole group of 226 cases the predictive value
drops considerably to 19% for a left focus and 44% for a right focus.
Table 3 (second section) shows the results of patients who had an absolute differ-
ence, however small, between left/right memory scores. They had not necessarily to fit a
50% cut-off score. The difference score as such can also identify the focus side. By using
this classification in which the group with equal memory scores are left out (n=185),
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71% of the left foci are correctly identified and 91% of the right foci. When applied to
the whole group of 226 cases including patients with equal scores, the predictive value
drops to 51.1% for a left focus and 80.3% for a right focus.
In order to gain an insight into the additional contribution of all the other vari-
ables and whether the prediction can be improved by using this information, all vari-
ables were now entered in a logistic regression analysis. The purpose of this analysis is to
find the best fitting and most parsimonious model to describe the relationship between
an outcome (focus side) and a set of predictor variables (Hosmer and Lemeshow, 1989).
A forward stepwise regression analysis was performed, testing all 18 variables (the 9 vari-
ables from Table 2 for both sides) for entry in the model. A cases per variables ratio of
13:1 (226 cases, 18 variables) is considered sufficient (Hosmer and Lemeshow, 1989).
This analysis yielded 4 variables, with which an optimal and significant fit of the
model was reached. The selected variables with the estimated coefficients (B), standard
error (SE) and probabilities were: the Wada memory score after right injection (B=.055,
SE=.01, p<.0001), the Wada memory score after left injection (B=-.047, SE=.008,
p<.0001), the score for the story recall after right sided injection (B=.207, SE=.056,
p=.0002) and the time in minutes before the first memory item was shown to the patient
after injection on the left side (B=.796, SE=.226, p=.0004). The parameters of the con-
stant in the equation are B=-5.481, SE=1.391, p=.0001. All the coefficients for the vari-
ables are significantly different from zero, as is shown by the former p-values.
As shown in Table 3 (last section), 38 more patients were correctly classified by us-
ing this regression analysis than a classification based on difference scores alone (Table
3, middle section). Only 34 of the total of 226 cases were misclassified. The misclassifica-
tion of a left sided focus occurs more frequently than of a right sided focus. The overall
correct classification rate is 85%.
The goodness of fit of the model (G=199.35, df=221, p=.849) can be shown by
looking at the probability of the observed results, given the parameter estimates. The
value of -2 log likelihood (-2 LL=168.94, df=221) is used because it is appropriate for hy-
pothesis testing purposes. High likelihood of the results (large observed significance lev-
el, in this case p=.996) is indicative of a good model.
Figure 1 shows the distribution of all the estimated probabilities. If the estimated
probability is below .50, the case is assigned to the left focus group, if the value is .50 or
above, the case is assigned to the right focus group. From the analysis for every case a
probability is calculated based on the coefficients for the variables section 2 of table 3, as
to which group the patient belongs. From the histogram it can be seen that most correct-
ly assigned patients lie at either the high or low end of the distribution. This means that
the prediction is rather straightforward. The black bars represent the 34 misclassifica-
tions found in the study. The line indicating the percentage correct assigned cases shows
a U-shaped curve, which never falls below 65%. Although the a priori ratio is different
(there were more right than left temporal patients) this did not result in rejecting left fo-
cus patients, and it must be considered as a random occurrence. The patients at the out-
er ends of the curve are assigned best. This better assignment of the outer ends can be
tested by comparing the absolute value of the z-scores. A higher z-value is associated
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with a better prediction (p=.001). After this model fitting, a new procedure was followed
in which every case is excluded from the global analysis (leave-one-out method) and its
classification is then predicted from the equation calculated on the other 226 cases (Hu-
berty, 1984). This gives an idea of the reliability of the equation. Only 3 more misclassi-
fications occurred. This suggests that the model is very stable.
The seizure outcome (Engel, 1993) could be assessed 6 months post-operatively in
195 patients. To examine whether the classification could predict seizure outcome, we
calculated the number of patients in the different seizure outcome groups. The percent-
age of favourable outcome (Engel class I-II) in the correctly predicted group is 95% (158
in Engel class I-II vs. 9 in Engel class III-IV), while this percentage drops to 82% in the
incorrectly assigned group (23 in Engel class I-II vs. 5 in Engel class III-IV). These num-
bers are significantly different (χ2=5.59, p=.018). Since a correct prediction in itself
could strictly speaking only be demonstrated if a patient was seizure free after surgery, we
also counted the number of patients in the group with Engel class I vs. II-IV. The per-
centage of absolutely seizure free patients in the correctly predicted group is now 81%
(136 in Engel class I vs. 31 in Engel class II-IV), and 72% in the incorrectly predicted
group (20 Engel class I vs. 8 Engel class II-IV). This result does not reach significance
(χ2=1.5, p=.22).
As age at seizure onset was reported to have an influence on the lateralization 
of hemispheric memory functions (Jokeit et al., 1997, Saykin et al., 1989) we tried to 
incorporate them in the regression. They were removed by SPSS from the equation. 
Furthermore, mean age at Wada test did not show a significant difference in Engel 
outcome class as to favourable/unfavourable outcome (age = 32.7, s.d.=9.0 vs. 35.5,
s.d.=9.4 respectively) nor did age at seizure onset (10.8, s.d.=8.1 vs. 12.9, s.d.=3.7 re-
spectively).
We further examined whether the proportion of correct assignments in the model
differed between the group of patients with exclusively MTS or those with other lesions,
such as neoplastic or malformative lesions (see Table 1). The group of nonspecific le-
sions was excluded, because this group also contained patients with dual pathology, i.e.
MTS and lesions not confined to the mesial temporal area. In the group of patients with
MTS, 102 out of 120 were correctly assigned, while, in the group with other lesions this
was 44 out of 51 (χ2=0.000, df=1, p=n.s.). The number of correct assignments in the
group without tissue abnormalities is 9 out of 11 as opposed to 162 out of 190 in the le-
sional group (χ2=0.015, df=1, p=n.s.). From this it follows that incorrect assignment
does not carry information about type or absence of lesion.
discussion
The validity of the Wada test relies on the fact that test failure should be related to an
(epileptogenic) lesion in the non-injected hemisphere, and thus be a predictor of post-
operative global amnesia in case of bilateral failure. The scarce evidence comes from ei-
ther unspecified data from a questionnaire (Rausch et al., 1993), memory loss in the ex-
istence of an unlesioned contralateral temporal lobe (Loring et al., 1994a) or from the
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post-operative testing which was too early to show a steady state in memory performance
(Dade and Jones-Gotman, 1997). It would add to the validity of the Wada test if a direct
relationship could be found between memory failure and (epileptogenic) lesion. Memo-
ry failure defined as failing the Wada test has not been an optimal predictor of a lesion.
Based on these pass/fail scores only, between 63% and 79% impaired memory was found
in the hemisphere of seizure onset (Rosenbaum et al. 1987; Rausch et al. 1989; Salanova
et al. 1992).
If the pass/fail criterion is refined to a difference score, focus side can be predicted
more accurate (Wyllie et al. 1991; Perrine et al. 1995b; Davies et al., 1996). These au-
thors report correct predictions using a variety of scoring methods between 80% and
98%. However, this leaves out a group with equal scores. If the method is applied to the
whole group including all the subjects with symmetrical scores the best result drops to
only 73%. An attempt to determine the best lateralizing predictive value out of five dif-
ferent memory measures resulted in a total memory score as the best memory measure
(Roman et al., 1996). About 77% were correctly classified.
The present investigation shows that a combination of different memory and atten-
tion variables has a greater potential in assessing the side of epileptogenicity in patients
with seizures originating from the temporal lobe than pass/fail criterion (43% correct as-
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Distribution of all the estimated probabilities
signment), or the Wada memory scores alone (68.1%). Estimation by means of 4 vari-
ables yields 85% correct assignment.
A logistic regression analysis performed on all the variables yielded 4 variables
which could best predict the side of seizure onset. These were: left and right memory
items, the story recall after right injection, and the time the memory items after injec-
tion in the left side were shown to the patient. The effect is strong enough not to be
hampered by estimation of a small percentage of missing data on two variables.
In the Wada test often more than 5 memory items are shown for recognition. A
range of 8 - 20 (Davies et al., 1996; Roman et al., 1996; Kneebone et al., 1997) is com-
mon. The outcome of the present study suggests that it is possible to get a reliable and
fairly accurate focus prediction with only 5 memory items. This puts less constraint on the
procedure, as the time window in which the items have to be shown is kept as short as
possible, so that the amytal effect is approximately constant.
The inclusion of the story recall as memory material used in the Wada test was orig-
inally based on the presumed effect on retrieval of memory during amytal inactivation,
while injection of amytal should have an effect on consolidation of memory items pre-
sented afterwards. The fact that the story variable is included in the prediction leads to
the conclusion that Wada inactivation can have disturbing effects on encoding as well
as on retrieval.
The inclusion of the presentation time after left sided injection is understandable,
looking at the means in Table 2. Often the patient is drowsy for a longer time after left side
injection if a right sided focus exists (p=.02). The corresponding presentation time after
right side injection does not show a significant difference between focus side (p=.13). A
possible explanation for this phenomenon could be that more extensive connections exist
between the dominant hemisphere and the brainstem (Serafetinides et al., 1965). This
“dominance” in the connective neuronal system would lead to greater effects when chem-
ically disconnected, if there is already contralateral functional disorder. The variable time
of presentation could thus represent an attentional parameter. The sign of the variable in
the formula is positive. This means that a longer interval between left sided injection and
the first possible moment for presentation of the memory items gives more evidence about
a focus on the right side. The length of this interval is not dependent on language, but
solely on attentional factors, such as being able to follow objects with the eyes.
Timed EEG variables do not add to the prediction of focus lateralization, as was
suggested already by Jones-Gotman et al., nor do the angiographic variables like cross-
flow of amytal or filling of the A.C. posterior, or differences in amytal dose (Perrine et al.,
1995b; Jones-Gotman et al., 1994).
One can argue that the result has been reached by always starting the test on the fo-
cus side. However, there is ample evidence that the side of first side of injection in itself
does not influence the memory scores (Rausch et al., 1989; Loring et al., 1991). Note that
the side of first injection is not entered in the analysis, hence avoiding the artifact of a di-
rect influence on the model. In our opinion it is not the first injection per se that counts,
but the fact that the first injection is on the focus side. It is perfectly understandable that
ipsilateral injections result in better memory scores than contralateral injections. 
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The pass/fail cut-off score could be refined to show a better correlation between
failing the test and epileptogenicity of the contralateral hemisphere. The higher the
pass/fail criterion is set the more patients will be rejected. However, this can lead to an
unnecessary higher proportion of rejections.
As can be seen in figure 1, the percentage of correct assigned cases follows a U-
shaped curve. The patients with scores at either end of the curve are assigned best. A
probability score above .90 (n=60), predicting a right-sided focus and below .10 (n=32),
predicting a left-sided focus only misclassifies 2 patients.
Presence of Wada memory asymmetry was used as a predictor of seizure relief after
surgery (Sperling et al., 1994; Loring et al., 1994b). Seizure relief was correlated with
greater asymmetries. In the present study the correct or incorrect classification of pa-
tients as to the side of focus was used in predicting seizure outcome. Engel class I-II is
generally accepted as favourable seizure outcome, which means that the patient is “clini-
cally seizure free”. Correct prediction of focus side has an almost 4 times higher chance
of favourable seizure outcome than incorrect prediction, although the number of cases is
small. Hence the classification method can be clinically used to predict a lowered
chance that the patient is free from seizures, if the classification is incorrect. Focus side
was of course assessed before operation, based on convergent data from EEG, MRI and
PET. One might argue that, strictly seen, the focus side can only be assessed with 100%
certainty, if the patient is seizure free after surgery. Although the percentage of class I pa-
tients in the correctly predicted group is still high (81%), the difference with the class II-
IV patients is no longer significant. What this means for the hypothesis about the real fo-
cus side is unclear. In the Engel class II-IV group incorrect assignment could mean incorrect
as to the surgery as well. Apparently the focus was not completely removed, or there was
another focus. Assessment of whether a patient was seizure free was done half a year after
surgery. Patients are still on medication which suppresses seizures. We did not look at
EEG data at that time. The EEG could still exhibit epileptiform activity not leading to
seizures. It follows that the real focus is hypothetically more difficult to grasp, and can-
not easily be translated in strict seizure free classifications.
While a previous study has shown an association between age or age of seizure onset and
correct prediction of seizure laterality (Kneebone et al., 1997) or an influence on lateral-
ization of hemispheric memory functions (Jokeit et al., 1997, Saykin et al., 1989), no sig-
nificant difference could be found in our study. If age of seizure onset has an influence on
Wada memory lateralization, this influence is already absorbed in the Wada memory
scores, hence adding to the prediction.
A pathological analysis showed that 60% of the patients suffered from mesiotem-
poral sclerosis without other lesions. We did not find differences in assignment between
this patient group and with the group with other lesions not confined to the mesial tem-
poral area. Evidently the Wada test as a memory test is a crude one, not refined enough
to discriminate between different memory systems, such as the hippocampal or neocorti-
cal systems. For recall of memory material, as assessed in the Wada test, we need both the
sound working of the short term store as well as the transfer into the long term memory.
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What are the practical implications of the present findings? The study shows that it
is possible with Wada test parameters to predict the focus side in 85% of the cases. Incor-
rect prediction has a 4 times higher chance of not being seizure free. This can be impor-
tant additional information, specifically if data from other techniques (EEG, MRI, PET)
do not converge.
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Dominant Temporal Lobectomy 
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abstract
Dominant temporal lobectomy can be performed with or without cortical stimulation
mapping for language. The advantages of language mapping seem obvious: if the results
of corticography make it necessary, the resection can be tailored upon findings during
the operation. This study explores differences in cognitive outcome after surgery under
general anesthesia (GA) and under local anesthesia (LA) in a group of 81 patients (41
LA, 40 GA) with temporal lobe epilepsy, controlling for differences in extent of resec-
tion in the three lateral temporal gyri. Comparing preoperative to six month postopera-
tive performance on a battery of intelligence, verbal and verbal memory tests revealed
the following: a differential effect of the procedure was found for digit span, a short term
memory and attention task, the GA group showing a gain and the LA group a loss post-
operatively. This could be explained by a rather large improvement of the GA group
with below average resection sizes in the superior temporal gyrus (STG) (<2.8cm),
which are nearly absent in LA resections. Effect of larger extent on the STG in the GA
group only tended to be related to a decrease in verbal intelligence and auditory compre-
hension which poses a risk in ‘large’ standard resections. Differences in extent of resec-
tion on the other gyri did not cause differences in effects on language functioning or ver-
bal memory.
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introduction
In general, there are two main options in performing left temporal resections as treat-
ment for medically intractable nonlesional epilepsy: amygdalo-hippocampectomy, to-
gether with a neocortical resection without cortical language mapping (general anesthe-
sia, GA), which normally limits the resection to 3-4 cm or with electrical stimulation
mapping of eloquent cortex (local anesthesia, LA) in which the resection, in principle,
is limited only by the location of language sites found with intra-operative electrical
stimulation (IOES). The latter was introduced by Wilder Penfield.1,2 This method has
been extensively sophisticated3,4 and widely applied in the last decades because it was
found that left temporal lobe resections may produce language and memory related
deficits.5-8 At first sight there are only advantages to an operation with IOES: speech ar-
eas can be identified and thus minimizing postoperative loss of function. However, the
procedure is often stressful, cooperation of the patient is very important and cannot al-
ways be estimated beforehand. Also, it has been suggested, that a greater proportion of
patients operated under GA may be rendered seizure free.9,10,6 They found a (nonsignif-
icant) difference in percentage of becoming seizure free after dominant temporal lobe
surgery (50% for the local group vs. 73% for the GA group), which they ascribed to an
increased allowance for more complete amygdalo-hippocampectomy. In addition, the
GA patient group showed postoperatively problems with naming.11 However, the pa-
tients had no specific complaints and the clinical significance was described as modest.
Because surgery under LA in general permits larger resections, the size of resection might
be a relevant factor. The present study explores the cognitive differences after surgery
between GA and LA with intraoperative electrocorticography and speech mapping in a
large group of patients with temporal lobe epilepsy, thereby accounting for differences in
extent of resection in the three lateral temporal gyri.
methods
The 81 subjects of this study were all patients with intractable temporal lobe epilepsy
enroled in the Dutch Collaborative Epilepsy Surgery Program, a multidisciplinary work-
ing group.12 Patients were examined between 1986 and 2002 for the possibility of resec-
tion of an epileptic focus. Area and focus side were assessed primarily by electroen-
cephalographic recordings based on scalp electrodes and, in uncertain cases, by depth
electrodes. All patients had undergone extensive MRI studies and some had also PET
(FDG and flumazenil). Additional information was gathered by PET and MRI. Table 1
presents the demographic and clinical characteristics of the group. They also had intrac-
arotid sodium amobarbital testing for assessment of cerebral dominance before surgery.13
Only patients that were left hemisphere dominant for speech were included.
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Table 1
Demographic and clinical characteristics
Condition of surgery (n=81) General Anesthesia Local Anesthesia
(“Penfield”)
n (male/female) 41 (18/23) 40 (19/21)
Age at seizure onset 11.7 (8.8)1 11.3 (7.0)
Age at surgery 36.3 (8.4) 31.4 (9.3)*
Test Intervals in years
Pre-surg. - Surg. 0.9 (0.8) 0.9 (0.7)
Surg. - Post-surg. 0.7 (0.3) 0.7 (0.5)
Extent of resection in cms
GTS 2.8 (1.1) 4.1 (0.9)***
GTM 3.4 (1.0) 4.4 (0.7)***
GTI 3.6 (1.6) 4.7 (0.8)***
Pathology
Not abnormal - 3
MTS exclusively 32 23
Cortical dysplasia 2 -
Dual Pathology 2 5
Neoplastic 3 6
Cerebrovascular 2 1
Other - 2
Handedness2 32/8/1 38/2
Outcome3 18/12/11/0/0 23/7/5/4/1
1 Sds in brackets
* p<.05, 
*** p<.001
2 Numbers in category Right handed / Left handed / Ambidexter
3 Numbers in category 1A, 1B-1D, 2, 3, 4 of Engel’s classification scheme (Engel, 1993)
Gender and age at seizure onset are uniformly spread among both groups. Operations un-
der local anesthesia were offered to patients who were significantly younger. The GA
group consisted of 78% right handers as opposed to 95% in the LA group. The diagnosed
pathology was not evenly spread among the two groups. It mainly showed exclusively
mesiotemporal sclerosis (MTS) of 78% in GA and 57.5% in LA group. The occurrence
of tumors and dual pathology was about twice as high in the LA group.
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Surgical procedure
All 81 subjects underwent a partial resection of the dominant anterior temporal lobe, in-
cluding the amygdalo-hippocampal complex, exclusive resection of lesions located in
the neocortex. Resections were performed with intra-operative electrocorticography
(IoECoG). The decision on which type of surgery should be offered was made in the
epilepsy working group and was normally accepted by all members. The mapping proce-
dure was applied in 40 subjects. Electrical stimulation was produced by a Grass model S-
88. Hand-held bipolar electrodes were used, spaced 7 mm apart which delivered 40 Hz
0.3 ms monophasic square pulses at 4-12 mA. The neuropsychological test consisted of a
computerized set of 260 black and white drawings.14,15 The advantage of using this set is
that the pictures have been standardized on four variables of central relevance to cogni-
tive processing: name agreement, image agreement, familiarity and visual complexity.
Besides these parameters, the naming time of each picture is assessed.16 The day before
the operation, the whole set of pictures was shown to the patient. Only those pictures
which generated a normal response without hesitations were used during the intra-oper-
ative mapping procedure. This method enlarges the chance of finding naming errors
which can be attributed to stimulated language areas. Presentation of the stimuli was
continuous leaving the neuropsychologist unaware of which locations were electrically
stimulated and which were not. Critical areas were those areas which successively yield-
ed hesitations or near-errors and were tested at least 3 times. The procedure is similar to
the procedure described by Ojemann.17
Extent of resection was measured during surgery on the superior temporal gyrus
(STG), middle (MTG) and inferior (ITG). As can be seen in Table 1, mean extents in
the LA group were larger by 1 cm or more in all 3 gyri. Maximal extent of resection in
the GA group was STG 4.5 cm, MTG 5.5 cm and ITG 6 cm and in the LA group 6 cms
in all three gyri, as measured from the tip of the temporal lobe.
Neuropsychological Evaluation
All patients had an extensive neuropsychological assessment before surgery and 6
months post-operatively. For the purposes of this investigation, the results from 5 tests
were examined:
– The Wechsler Adult Intelligence Scale (WAIS) with Full-scale IQ (FSIQ), Verbal
IQ (VIQ), Performance IQ (PIQ) and C-scores (mean=5, sd=2) of the verbal subtests
of the WAIS: Information (fund of general information), Digit Span (auditory alert-
ness and short-term audioverbal recall), Arithmetic (without the benefit of pencil
and paper), Vocabulary (word knowledge), Comprehension (practical judgement
and interpretation of proverbs) and Similarities (abstract reasoning).
– Token test, a 61-item test of auditory verbal comprehension, originally developed to
screen for aphasia.18
– Visual Naming, a 15-item test of black and white drawings. Score is total number of
errors out of 15 and total time in seconds to name all 15 items.
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– This test is similar to the Logical Memory subtest of the Wechsler Memory Scale. A
short story was read to the subject, after which immediate recall was tested. Delayed
recall was tested after 15 min. Maximum score is 20.
– 15 Words Test, a verbal learning test. This is a Dutch adaptation of Rey’s Auditory
Verbal Learning Test.19 It consists of five successive presentations of a list of 15 words
followed by free recall on each trial. After interference tasks have been performed for
half an hour, retention of the list is examined. The test yields two measures for the
purpose of the study: the total words recalled across the five trials, ‘list learning/acqui-
sition’ (SUM15) and the long-delay free recall score , ‘consolidation/retrieval’ (RE-
CALL). In order to minimize retest effects, equivalent alternate word-lists were used
at follow-up.
results
The base-line and follow-up means and standard deviations for the variables under study
are presented in Table 2.
To evaluate possible differences between the GA and LA groups in the variables at base-
line, oneway analyses of variance (ANOVA) were computed for each variable with age
at surgery as covariate.20 Differences between base levels can be explained by a differ-
ence in age, the younger patients performing better. After correction for age, significant
group differences were only found on delayed story recall. Subsequently, adding FSIQ as
covariate resulted in removal of variance from the main effect. Both differences in age at
surgery and intelligence level could thus explain the difference in delayed story recall.
A trend of a higher baseline FSIQ was found in the LA group. Therefore FSIQ was used
as a covariate in the analysis of the other (non-intelligence) cognitive variables which
resulted in significant relationships with all the variables. A trend was only found in im-
mediate story recall (p=.075), the LA group having the largest score.
To compare the IQ-scores before and after surgery, a repeated measures analysis of
variance was employed as a function of surgery procedure. Differences in number of
naming errors were analyzed following a nonparametric method.21,22 Latency times as in
the visual naming test tend to have a skewed distribution. To analyze them properly they
were log-transformated. As can be seen in Table 2, these analyses showed a within-sub-
ject effect after surgery in gains on FSIQ and PIQ. Significant losses were seen on memo-
ry acquisition and memory consolidation both in list learning as in story recall. For this
study interactions between procedure and test moment are of particular interest. The
only significant interaction obtained was for Digit Span, the GA group showing an in-
crease and the LA group a decrease after surgery on short-term memory. As the different
composition concerning etiology could explain this difference it was analyzed below in
the pathology section.
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Table 2
Mean test scores (SD)
Extent of resection
As the extent of resection is inherently different between both surgical procedures, the
relationship could be determined between the post- and pre-score difference and the size
of removed neocortex. This was specified as the length (in cms) of the specimen re-
moved. This difference, however, is dependent on the baseline score. The farther the
baseline score is from the mean, the greater change at retest occurs towards the mean
(regression to the mean). This effect is purely statistical and has its origin in the unrelia-
bility of test scores. To correct for this effect the partial correlation, separately for both
surgical procedures, was calculated between extent of resection in each of the 3 temporal
gyri, and the difference score, correcting for the effect of the base-line score, and in the
GA-group the age at surgery as well. The LA group did not show an effect of extent of re-
section for any gyrus. In the GA group however, there was a tendency of a correlation
(figures 1 and 2) between extent of STG resection and lower postoperative scores on
VIQ (rraw=-.40, rpartial=-.31, p=.054) and the Token test (rraw=-.47, rpartial=-.42, p=.069).
With this, having found only a tendency between extent of resection in the STG and
surgical procedure on post surgery VIQ and the Token test, loss in subjects from the GA
group must be ascribed to a greater extent of resection without mapping in the STG, but
the effect is not strong.
Pathology
Because the composition of both surgery groups was different with respect to etiology -
(GA - 78% MTS vs. LA - 57.5%) this might have influenced the outcome, especially in
the interaction effect in Digit Span. Also, small resections in LA were those in which
the resection was limited due to language sites found more anterior in the temporal lobe.
The average resection size in the STG in GA (2.8 cm, sd 1.1) was used as cut-off score.
Comparing both MTS groups (GA n=21, LA n=22) with resection sizes above the aver-
age in the GA group does not longer show an interaction effect between both proce-
dures on digit span (GA group, pre 6.9 post 6.5, LA group, pre 6.1 post 5.6). The large in-
crease, as found in the GA group, is due to an increase in this group (n=11), with resec-
tions below the cutoff resection size (pre 4.3, post 5.8). 
Seizure outcome
Each patient was assigned to one of four seizure outcome groups.23 The percentage of pa-
tients at six months after surgery classified as seizure free or having sporadic seizures only
(Engel’s score I+II) are 100% in the GA group and 88% in the LA group. The percent-
age of patients classified as completely seizure free (Engel’s score IA) is 44% and 58% re-
spectively. The analysis did not show differences in performance due to different levels
of becoming seizure free after surgery.
discussion
The purpose of the study was to examine the different cognitive effects of ATL under
general anesthesia vs. local anesthesia with language mapping. 
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Fig. 2
Change in Tokentest score
Postoperative change after different extent of resections across the STG. Regression with best fitted
curve was determined between both variables. Number of subjects are represented by small (1 sub-
ject), medium (2 subjects) and large circles (3 subjects).
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Change in VIQ
The results indicated a significant effect of the surgical procedure on Digit Span only
which was reflected in a gain in the general vs. a loss in the local anesthesia group. This
test is considered as a “test of attention” and short term memory.24 This interaction
could be explained by the large pre-post difference of the GA-MTS group with relative-
ly small resections in the STG (<2.8cm), which are nearly absent in the LA-group.
Comparing both MTS-groups with larger resections shows the same loss in both groups.
Although the difference is only moderate in terms of effect size (.25 sd), in absolute
terms the loss of a half digit (converted to raw scores) on average in storing a phone
number might be noticeable in the LA group. No other interaction effects were found
between both surgical procedures and outcome. Overall significant effects of surgery
were seen as gains in FSIQ and PIQ which can be considered as normal retest effects25-29
and losses on all verbal memory tests as is to be expected in dominant temporal lobecto-
my.27,30-32
Although mean naming times in visual naming were longer (not reaching signifi-
cance) in both surgical categories, three subjects made naming errors whereas they did
not before surgery. This number of patients with a decline is so small that no prediction
can be made as to which patients are at risk. The GA group, in general, shows a gain in
Digit Span after surgery, while the LA group shows a loss, but this effect could not be as-
cribed to a difference in extent of resection. Only in VIQ and the Token test exists a
trend towards such a relation. This correlation has been corrected for regression to the
mean and age. The fact that in a controlled ‘mapped’ procedure the amount of removed
tissue is related to decline is understandable: the resection area is limited by the very ex-
istence of nearby eloquent areas. The fact that under general anesthesia no language
mapping can be performed limits the extent of the operation. It has been proposed that a
standard resection (up to 4 cm of the temporal tip) should suffice9 although these au-
thors found persistent postoperative dysnomia. Moreover, the boundary of 4 cm limits,
in our view, the selection of patients in which the epileptogenic zone is located or ex-
tending posterior of this margin.
Although the choice for a procedure could have biased the outcome in that pa-
tients with GA tended to be older and have less complex disorders, correction for these
biases did not change the outcome. The present findings then suggest that the differen-
tial effects of the surgical procedure are limited in that surgery under general anesthesia
up to the limit of 4.5 cm poses the risk of declining on verbal IQ and auditory compre-
hension, and that patients under local anesthesia in general decline on short term mem-
ory and attention. Differential effects on other verbal or verbal memory functions were
not found.
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Lateralization of Auditory Rhythm Length
in Temporal Lobe Lesions.
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abstract
In the visual modality, short rhythmic stimuli have been proven to be better processed
(sequentially) by the left hemisphere, while longer rhythms appear to be better (holisti-
cally) processed by the right hemisphere. This study was set up to see if the same holds in
the auditory modality.
The rhythm task as originally designed by Seashore was computerized and is part of
the Fepsy Neuropsychological battery. This task was performed by 85 patients with in-
tractable temporal lobe epilepsy (left TLE=32; right TLE=53) enroled in the Dutch
Collaborative Epilepsy Surgery Program. They performed the task before and 6 months
after surgery. The task consists of 30 pairs of rhythmic patterns in 3 series of 10 items.
The series contains patterns of 5, 6 or 7 notes. The purpose is to indicate whether the
two patterns are the same or different. Reaction times are also measured. If the hypothe-
sis is true, the short-item sequence will be better processed by patients with right tempo-
ral lobe epilepsy (non-impaired left temporal lobe), the longer sequence better by the
left temporal epilepsy group (non-impaired right temporal lobe).
No overall laterality effect on rhythm perception could be found and no difference
was found between both test moments. IQ did not correlate with rhythm performance.
However, there was an interaction effect of laterality and rhythm length on performance
and reaction time. This effect can be explained by the increase after the operation of the
score of the left focus group and a decrease in the right focus group on the longer
rhythms. This effect was somewhat less strong in the reaction times: a clear tendency for
faster reaction times after surgery in the left and longer reaction times in the right focus
group. The effect could not be explained for by the difference in extent of resection in ei-
ther temporal lobe.
This study showed that memory for and discrimination of auditory rhythm is de-
pendent on which hemisphere is used in processing. The effect could be demonstrated
for the right hemisphere, which uses a holistic processing of stimuli, which outperforms
the left in rhythms consisting of a long sequence. In left temporal resections an improve-
ment occurs on the longer rhythms and in right temporal resections the performance on
the longest rhythms decrease.
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introduction
There have been differing opinions as to whether auditory rhythm perception lateralizes
between the hemispheres. The instrument with which this has been measured is the
Seashore Rhythm Test (Seashore et al., 1960).  Since the introduction of the Seashore
Rhythm Test in the Halstead Reitan battery, this test is often included in standard neu-
ropsychological screening or in the pre/post assessments in the neurosurgery protocol.
Auditory rhythm perception as a function has been reported as being sensitive to
right-temporal lobe lesions (Lezak, 1983; Golden et al., 1981; Kolb & Wishaw, 1990).
Steinmeyer’s overview (1984) of 3 older studies (Shure & Halstead, 1958; Wheeler &
Reitan, 1963; Golden, 1977), did not find a preferential auditory rhythm perception
deficit in right hemisphere lesions. It appeared that a significant impairment could be as-
sociated with left hemisphere lesions by pooling the results of these studies.  A few other
studies have not shown any hemispheric difference (Sherer et al., 1991; Boone et al.,
1989; Karzmark et al., 1985; Milner, 1962). A study by Reitan and Wolfson (1989) took
the edge off the argument for lateralizing to the right hemisphere, by finding no sensitiv-
ity of the rhythm test in left- or right temporal lobe lesions.
In all these studies, the accuracy of the perception was deduced from the mean
number of correct items, i.e. of rhythmic patterns. As the Rhythm Test consists of three
subtests with increasing length of stimuli, calculating only the mean score ignores possi-
ble differences caused by the length of the auditory rhythms. It is quite possible that the
length of the auditory rhythms may be of importance for a difference in right or left brain
information processing. This very hypothesis was tested for the visual modality (Ben-
Dov & Carmon, 1984), in a study where the stimuli were sequences of light flashes ei-
ther into the left or right visual field, thus restricted to the right or left hemisphere. Sub-
jects were ‘normal’ students without known brain damage. Increasing rhythm length re-
sulted in a shift in cerebral dominance from left to right.
The present study was undertaken to test the same hypothesis for the auditory
modality: our assumption was that shorter “rhythms” would be better processed in the
left hemisphere (determined by a higher number of correct detections and a shorter re-
action time), “longer rhythms” better in the right hemisphere.
method
Participants
All 85 patients operated between 1986 and 1998 for their intractable temporal lobe
epilepsy (TLE) were included. These patients were enroled in the Dutch Collaborative
Epilepsy Surgery Program. Temporal lobe focus lateralization was assessed based on
video monitoring semeiology, interictal and ictal scalp EEG, MRI and PET in selected
cases. In inconclusive cases depth EEG was performed according to the method de-
scribed by Van Veelen et al. (1990) and by Gerritsen et al (1995).
57
Table 1
Demographic and clinical characteristics
Focus left Focus right
n 32 53
Gender (male/female) 16 / 16 22 / 31
Mean Age at seizure onset 10.0 (7.6)1 10.6 (7.9)
Age at surgery 30.3 (9.1) 34.4 (9.2)
FSIQ 106.3 (14.9) 111.4 (15.0)
VIQ 103.1 (16.2) 110.1 (16.0)*
PIQ 109.8 (13.7) 111.2 (14.6)
Test Intervals in years
Pre-surgery - Surgery 0.9 (1.0) 1.1 (1.2)
Pre-surgery - Post-surgery 1.5 (1.0) 1.7 (1.2)
Surgery - Post-surgery 0.6 (0.1) 0.6 (0.1)
Extent of resection in cms 4.1 (.9) 5.0 (.9)**
Pathology
Mesiotemporal sclerosis exclusively 20 29
Neoplastic lesions exclusively 7 9
Malformative lesions exclusively 1 5
Nonspecific (incl. dual pathology) 4 6
Cerebrovascular disease - 1
Not abnormal - 3
1 Sds in brackets
* p<.05
** p<.0001
As shown in Table 1, there are more patients included with a right than a left temporal
focus. Gender, age and age at seizure onset are uniformly spread among both groups. Pa-
tients with a right temporal focus had a higher (p=.05) Verbal IQ (VIQ), which is a
common finding (Chelune et al., 1993; Selwa et al., 1994). Although patients with IQs
as low as 70 were entered in the surgery protocol, mean IQ was higher than in most oth-
er studies. Patients were neuropsychologically tested before surgery. The interval be-
tween this pre-test and the actual surgery was variable, however not different between
both lateralization groups. All patients had undergone a standard neuropsychological
assessment one and a half days before surgery. They were neuropsychologically assessed 6
months postoperatively (a period in which the effects of edema have disappeared), and
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two years and six years postoperatively. In this study, only the first post-operative test
moment has been included to be compared with the pre-operative scores, because num-
bers at the other times are still relatively small.
Because there is normally no risk of postoperative speech problems in the nondominant
hemisphere, resections in the right temporal lobe usually are somewhat larger than in
the left. In our sample the right temporal resections exceed the left by 1 cm.
A histological analysis done on the dissected brain tissue shows that the diagnosed
pathology mainly (65 out of 85) consists of two types: a large group of 49 patients with
exclusively mesiotemporal sclerosis (MTS) without other abnormalities and a smaller
group of 16 patients with different kinds of tumors in the temporal lobe.
Stimuli
The Seashore Rhythm test is based on neuropsychological principles as originally pre-
sented by C.E. Seashore in 1939 (Seashore et al., 1960), and is part of the computerized
neuropsychological battery that we developed (Alpherts, 1987; Alpherts &
Aldenkamp, 1990).
Thirty pairs of rhythmic tone patterns generated by a PC were presented in 3 series
of 10 items each. The first series contained patterns of 5 musical notes, the second of 6
and the third of 7. The purpose was to indicate whether the paired patterns are the same
or different. In each series, half of the paired patterns are different. The duration of each
note in the pattern was 70 msecs + a rest of 60 msecs, pitch was 500 Hz and interstimulus
interval (ISI) was 1 sec. By means of variable “rests” added to the standard rest of 60
msec between each note a rhythmic pattern was constructed. A typical pattern from se-
ries 1 lasts 1475 msecs, from series 2 2005 msecs and from series 3 2595 msecs. Pair 4 of the
first series is shown in figure 1 as an example of one item.
Fig. 1
Example of pair 4 of the first series.
pattern 1 (1475 msecs) ISI (1000 msecs)                     pattern 2 (1475 msecs)
         
t1r2+1653 tr+165 tr+330 tr  tr+165 tr+35 tr+295 tr+330 tr tr+165
1 t= tone of 70 msecs
2 r = rest of 60 msecs
3 variable “rests” in msecs
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All reaction times were measured starting with the end of the second pattern. If no reac-
tion was given within 15 seconds the item was scored as a miss and the next item was
generated.
results
A repeated measurements analysis of variance was performed on the data with group dif-
ferences between the TLE groups as between factor and rhythm length (5, 6 or 7 notes)
and moment of testing (before or after surgery) as within factors. To check for the influ-
ence of IQ on rhythm performance, an analysis of covariance (ANCOVA) with the IQs
and the difference between VIQ and PIQ as covariates was carried out. The mean
rhythm scores and reaction times are shown in Table 2. 
Table 2
Means and Sds of rhythm score and reaction times
focus left focus right
Rhythm length 5 6 7 5 6 7
Items correct
Pre surgery 9.2 (1.3)1 8.6 (1.7) 7.2 (1.5) 9.1 (1.2) 8.8 (1.1) 7.5 (1.5)
After Surgery 9.0 (1.8) 9.0 (1.3) 7.6 (1.7) 9.0 (1.3) 8.8 (1.4) 7.2 (1.6)
Reaction time2
Pre surgery 783 (528) 899 (526) 1244 (633) 721 (344) 854 (337) 1164 (480)
After Surgery 792 (549) 831 (450) 1071 (453) 770 (559) 925 (502) 1187 (500)
1 Sds in brackets
2 in msecs
Main effects (laterality, rhythm length, test moment).
As can be seen from the results of the MANOVA in Table 3, upper section, no global ef-
fect of focus laterality was found, either on the overall rhythm score, or on reaction time:
patients with left or right resections had the same overall rhythm scores and reaction
times.
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Table 3
Repeated Measures Analysis of Variance
F
Source df Rhythm Score Reaction Time
Between subjects
Laterality 1 .08 .00
within group error 83 (7.65) (991330.19)
Within subjects
Rhythm length 2 101.2*** 112.32***
Laterality x Rhythm length 2 .02 .88
within group error 166 (1.37) (60573.69)
Measurement (test moment) 1 .09 .13
Measurement x Laterality 1 3.85* 2.36
within group error 83 (.91) (198734.68)
Rhythm length x Measurement 2 1.89 2.1
Laterality x Rhythm length 
x Measurement 2 2.33+ 1.11
within group error 166 (.63) (55406.98)
Note. Values enclosed in parentheses represent mean square errors.
+ ρ ≤ .10.  
* p  ≤ .05.  
*** p < .001.
As IQ is correlated with the rhythm score (Moore & Hannay, 1982), differences in IQ
could be responsible for the lack of hemispheric difference on Rhythm variables (Table
4). ANCOVA with the IQs and the difference between VIQ and PIQ as covariates,
however, showed only a slight drop in p-value on overall rhythm score (VIQ as covari-
ate: p=.35), which was not enough to be significant, indicating no discriminating effect
on laterality of resection.
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Table 4
Correlations between IQ and the dependent variables (before surgery)  
rhythm score reaction time
Rhythm length 5 6 7 5 6 7
VIQ .31** .37*** .07 -.16 -.08 -.11
PIQ .40*** .38*** .08 -.35*** -.31** -.30**
FSIQ .38*** .42*** .09 -.26 -.19 -.21
difference VIQ-PIQ -.05 .04 -.00 .17 .22 .17
** p < .01.  
*** p < .001.
As could be expected, a strong rhythm length effect was found. Longer items were more
difficult and required a longer reaction time.
A global measurement effect (test moment, before and after surgery) could not be
established: the overall mean rhythm score before and after surgery was 8.4 (sd 1.1 vs.
1.3), the overall reaction time before surgery 936 msecs (sd 421) and after surgery 937
msecs (sd 466).
Interaction effects (laterality x rhythm length, measurement x laterality, rhythm length x
measurement).
There was no global effect of rhythm length on the correct detection of rhythms regard-
less of focus laterality, when the pre- and post-surgery scores were pooled together.
Test moment (before vs. after surgery) had a significant effect (p<.05) on the over-
all rhythm score of patients with left or right foci. The mean score of the left TLE group
rises from 25.1 to 25.7, the mean score of the right TLE group dropped from 25.4 to 24.9.
A tendency of a two-way interaction effect existed (p=.10) between laterality,
rhythm length and test moment. Breaking down the analysis on rhythm length and
comparing the results before and after surgery between the left TLE and the right TLE
group revealed the following: no difference was seen on the 5-rhythm length rhythm.
As resections in the right temporal lobe were larger than in the left lobe (5 cm vs.
4.1), the analysis was rerun (ANCOVA with extent as covariate). The result still shows
significance (p=0.46). From this, it is clear that the extent of resection does not have an
effect on rhythm perception.
Figure 2 shows the results for the two three rhythms: a tendency of an interaction effect on
the 6-rhythm length rhythm (p=.12), caused by an increase of the score from 8.6 to 9.0
in the left TLE group, while the scores of the right TLE group remain the same (8.8). A
significant interaction effect was seen (p=.03) on the longest rhythm: an increase in the
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left TLE group from 7.2 to 7.6 and a decrease in the right TLE group from 7.5 to 7.2. This
confirms the second part of our hypothesis: longer rhythms are better processed in the right
hemisphere.
Reaction times
The only main effect that was significant in reaction times was the factor “rhythm
length”. Not surprisingly, longer items require longer reaction times.
discussion
The purpose of this study was to take the auditory modality by using the Seashore
Rhythm Test, to test the hypothesis confirmed by Ben-Dov & Carmon (1984) which
showed that long rhythmic visual stimuli are better processed in the right hemisphere,
whereas short stimuli are better processed in the left hemisphere. In the study of Ben-
Dov and Carmon subjects were 24 students without any known neurological disease. In
order to test the functioning of either hemisphere, light stimuli were flashed to one visu-
al half field, and thus to only one hemisphere. It is not possible to test the auditory hy-
pothesis in subjects without brain lesions, because the auditory pathways are not as sepa-
rated as the visual ones. Sound presented to one ear always reaches both hemispheres in
some degree. Our study was carried out with data from patients with TLE who were oper-
ated for relief of their pharmaco-resistant epilepsy in either the left or right temporal
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rhythm score
5 tones
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pre              post pre             post
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Fig. 1
Mean pre- and post-surgery rhythm scores for different lengths
lobe. This gave us an extra opportunity to check for differences in performance and lat-
erality before and after surgery. 
One result is that we did not find an overall effect of hemispheric laterality of the
epileptogenic focus on auditory rhythm performance. This is in line with most other
studies (Sherer et al., 1991; Boone et al., 1989; Karzmark et al., 1985; Reitan & Wolfson,
1989; Milner, 1962). This concluded absence of an overall laterality effect holds only for
the total (summation) score. The Rhythm Task is subdivided in 3 subtests with different
lengths of rhythms. Moreover, these 3 subtests differ in difficulty, as the rhythm length
effect proves. The summation of scores may therefore not be accurate to assess differ-
ences in processing of rhythms of different length in either hemisphere.
Secondly, we found an effect of the side of the hemisphere where the resection took
place on the performance of the subjects after the operation. If we break down the
pooled results before and after surgery, an interesting interaction effect is revealed. In
left TLE patients the scores on the two longest rhythms increase, in right TLE patients
the score of the 6-item trials remains the same and of the 7-item trials decreases. This ef-
fect is significant for the longest trials. This means that after surgery the group with a
healthy right temporal lobe (left TLE group) performed better than before surgery, while
the opposite was true for the group with a healthy left temporal lobe (right TLE-group).
Right sided resections are routinely larger than on the left, and could thus easily explain
the difference found in performance. However, this effect remains, even where the
analysis is being controlled for the extent of the resection.
As the subjects were retested after surgery, there could be a learning effect, an overall
increase in performance. However, this was not found in our study. This is completely in line
with the study by Boone & Rausch (1989). Their patients, an epilepsy surgery group compa-
rable to ours, showed an overall nonsignificant decrease in rhythm score from 25.4 to 24.9.
In an inspection of data (unpublished results) from our epilepsy database we could select 31
patients with epilepsy (a nonsurgical group) which were retested for various reasons (mean
interval 1.2 years, not very different from this study). Their scores did not show a change
(24.0 vs. 24.2). We can thus conclude that the lack of retest effect on the Seashore Rhythm
Test in our patient group is not due to the effects of temporal lobe surgery.
The Seashore versions A (length 5, 6 en 7) and B (length 7, 8 en 9) have been
compared in an earlier study in relation to the VIQ and PIQ (Moore & Hannay, 1982).
A positive VIQ-PIQ difference was supposed to predispose for more sequential (LH)
processing than parallel (RH) processing. Difference in rhythm length could enhance
this effect. Subjects with high verbal IQ’s indeed performed less well on the long rhythm
sequences. This effect was only found in the Seashore A version, not in the B version.
We indeed found a high correlation between IQ and the rhythm score. This, however,
holds for all 3 IQ scores (FSIQ, VIQ and PIQ) which led us to include IQ as covariate.
We did not find a negative correlation between the VIQ-PIQ difference and longer
rhythm lengths. As a consequence, the covariance analysis did not enhance significance
of different rhythm performance in patients with either left or right foci.
The results of this study cannot be fully generalized to the use of the Seashore
Rhythm Test as originally designed by Seashore. We used a computerized version in
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which the response of the subject could last as long as 15 seconds, whereas in the original
version the subject had to keep pace with the test. Items came quickly and the subject
had to evaluate the stimuli quickly and prepare for the next one. However, the range of
means of our reaction times (721-1244 msecs) are short. There was no tendency of pa-
tients to either wait or have longer reaction times than in the original form. In our opin-
ion there is no real difference between the type of processing used in these two versions.
As a consequence of tissue resection some functional brain tissue may be removed,
but the disturbing influence of the epileptogenic tissue will disappear. In our case it is
reasonable to state that improved performance may be due to the disappearance of dis-
turbing factors, as in left temporal lobe resections, and a decline in performance due to
removal of functional tissue. As a consequence, our study illustrates that a healthy right
hemisphere appears to be more suited for discrimination of longer rhythms than a
healthy left hemisphere. This effect was seen only for the “longer” rhythms and not for
the “shorter”, probably because the latter are too simple to discriminate for an effect to
be detected (Charter & Webster, 1997).
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abstract
In this study we describe the long term effects of Anterior Temporal Resection on intel-
ligence. Twenty eight left temporal lobectomy (LTL) and 43 right temporal lobectomy
(RTL) patients were followed up three times at fixed moments for a period of at least six
years after surgery. The average gain six years after operation was 3.6 verbal IQ (VIQ)-
points and 10.3 performance IQ (PIQ)-points in LTL patients. The gain in RTL patients
was 2.9 VIQ-points and 7.7 PIQ-points. Patients with exclusively mesial temporal scle-
rosis performed worse than patients with other pathologies, and remained so after sur-
gery. Results indicated that initial higher level of performance and lower age at surgery
were major predictors of improved performance at six years follow-up. No relationship
was found between a patient’s becoming seizure-free and the rate of increase in IQ, nor
was the extent of resection. The effects of epilepsy surgery on intelligence in the long
term are limited and can be explained for the greater part as retest effects. The largest
gain in VIQ is seen from two to six years after surgery.
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introduction
During the last few decades, epilepsy surgery has become an excellent option for patients
with refractory focal seizures. Dependent on the selection of patients, about 80% of tem-
poral lobe removals will be seizure-free after surgery. However, the postoperative cogni-
tive effects are rather complex and multifactorial. Post-operative cognitive performance
can be influenced not only by structural effects, such as age of seizure onset, duration of
epilepsy, age at surgery, etiology, side and site of epileptogenic onset region, but also by
the effects of seizure relapse, change of medication and behavioral measures influencing
quality of life. It has been suggested that seizure activity has a substantial and global im-
pact on cognitive function that is even reflected in the relatively crude scores of intelli-
gence tests.1,2 Although intelligence tests such as the widely used Wechsler Adult Intel-
ligence Scale (WAIS) are not originally designed for neuropsychological assessment,
they always incorporate subtests of different abilities. The absence of seizures after
epilepsy surgery could have a positive effect on cognition, therefore also on intelligence,
similar to the effects of a decrease of seizure activity achieved without surgery.3 Follow-
up of intellectual performance after surgery is therefore recommended. For purposes of
discussion, intelligence changes after temporal resections for epilepsy will be divided in-
to the following: short term (one month) postoperative decline which is caused by tem-
porary edema of the brain tissue, recovery up to four or five years, including an often used
post operative interval of one or two years, and from five years after surgery.
Almost all literature in which reliable data are given on test intervals after epilepsy
surgery focuses on short-term effects, covering two years or less after operation. One
study4 presents data one month after surgery in which RTL patients have higher verbal
IQs (VIQ) and LTL patients higher performance IQs (PIQ). The other studies in this
category with data from up to two years after surgery 5-10 show a decrement of VIQ in
LTL patients only. Both IQs increase in RTL patients, but the PIQ in RTL patients in-
creases less than in LTL patients. If these effects remain stable or evolve in the long term
has been sparsely studied. Meier and French9, employing a 3.2 year follow-up, reported
mildly progressive dysfunctions of nonverbal abilities after RTL in the absence of
changes after LTL. Although Blakemore and Falconer’s study5 gives the impression that
they performed a follow-up until 10 years after surgery, their results are based on decreas-
ing numbers of patients for every repeated measurement and are therefore inappropriate
to reach conclusions about IQ changes that are representative for the whole group. The
present study investigated WAIS-IQ changes after epilepsy surgery in the consecutive
group over a multi-retest period of six years.
methods
We retrospectively studied 71 consecutive patients with refractory epilepsy since 1986
enroled in the Dutch Collaborative Epilepsy Surgery Program.11 They underwent left
(28, LTL) or right (43, RTL) temporal resections. They were all followed up up to six
years after operation. These 71 patients are a subgroup of 113 patients who underwent
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operations up to 1996. During the follow-up period six patients died, 25 patients were
lost to follow-up, 11 patients performed the last follow-up but had missed one former as-
sessment.
The demographic and clinical characteristics are presented in Table 1. The two
groups did not differ on sex, age at seizure onset, age, handedness or speech dominance.
All patients were given the Dutch translation of the WAIS (version 1970) in the
workup period before operation and at three planned intervals afterwards: at six months,
two years and six years. As shown in Table 1, the mean test intervals were as planned.
Only the interval between operation and the second assessment after operation was
longer in the RTL group (2.2 vs 2.3 years). Originally, we planned to include only pa-
tients with a Full Scale IQ (FSIQ) larger than 80 for surgery, because lower IQs are often
related to more diffuse brain damage. Eventually, the lowest included FSIQ was 79.
Table 1.
Demographic and clinical characteristics
side of operation (n=71) Left Right
n (male/female) 28 (12/16) 43 (19/24)
Age at seizure onset 11.5 (8.7)1 10.8 (8.0)
Age at surgery 31.0 (8.4) 34.0 (8.4)
Test Intervals in years
Pre-surg. - Surg. 0.9 (0.6) 1.2 (0.8)
Surg. - Post-surg. 0.6 (0.2) 0.6 (0.3)
Surg. - Post2-surg. 2.2 (0.2) 2.3 (0.5)*
Surg. - Post3-surg. 6.2 (0.2) 6.2 (0.3)
Extent of resection in cms 3.8 (0.8) 5.2 (1.0)****
Pathology
Not abnormal 1 6
MTS exclusively 18 21
Cortical dysplasia 2 2
Vascular malformation 1 1
Neoplastic 5 6
Cerebrovascular - 1
Unknown 1 6
Outcome2 9/10/7/2/0 16/13/9/3/2
1 Sds in brackets
* p<.05, **** p<.0001
2 Numbers in category 1A, 1B-1D, 2, 3, 4 of Engel's classification scheme (Engel, 1993)
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Operative procedures
In all patients, the resection included complete removal of the amygdalo-hippocampal
formation, but the extent of resection of lateral neocortex varied from two to eight cm.
Patients with only neocortical temporal (lesional) resections were excluded. 
Neuropathological investigation
The diagnosed pathology in the three groups mainly consisted of two types: a large group
(39/71) with exclusively mesiotemporal sclerosis (MTS) and a smaller group of 11/71
with different kinds of tumors in the temporal lobe. Of the remaining group, 10% was
not abnormal and of 10% the analysis was unknown. Dual pathology was not observed.
Seizure outcome
Each patient was assigned to one of four outcome groups (I - seizure-free, II - almost
seizure-free, III - substantial improvement, IV - no improvement)12, in which class I was
split up between IA (completely seizure-free) and IB-ID (auras or sporadic seizures). As
can be seen in Table 1, results are in line with international data. Ninety percent of pa-
tients were classified as seizure-free or having sporadic seizures only (Engel’s class I+II) at
six years after surgery, while 68% of patients were considered practically seizure-free (En-
gel’s class I). The percentage of patients classified as completely seizure-free (Engel’s class
IA) is 35% at six years.
results
The base-line and follow-up means and standard deviations for the WAIS Verbal, Perfor-
mance and Full Scale IQ estimates are presented in Table 2. To evaluate possible differ-
ences between the LTL and RTL groups in the three IQ-scores at baseline, one-way analy-
ses of variances were computed for each WAIS variable. No significant group differences
were observed at baseline, suggesting that the two groups are reasonably well matched.
To compare the IQ-scores before and after surgery, a repeated measures analysis of
variance was employed. It compared the left to right resection groups at measurement
one to four (one pre measurement and three follow-up measurements) for the three sum-
mary WAIS-IQ scores (FSIQ, VIQ and PIQ). This analysis only showed a main trend of
an overall lower VIQ in LTL patients in all of the successive periods (F(1, 69) = 3.70,
p=.06), neither PIQ or FSIQ were significantly different. No significant interaction ef-
fects were found, which means that the amount of increase over time of the IQs in LTL
and RTL was the same.
In both left and right groups the PIQ increased steadily during the follow-up period:
10.3 points in the LTL group and 7.7 points in the RTL group. Multiple comparison of the
IQ scores over time resulted in significant higher PIQ scores after two and six years (p<.001)
in the LTL group and after every follow-up moment in the RTL group (p=.03, .001 and
.000). The VIQ only shows this increase in the LTL group on the measurement at six years
after surgery (p=.001). The net increase of the VIQ at follow-up moment three is 3.6 points
in the LTL group and 2.9 in RTL. A repeated measurement covariance analysis with differ-
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Table 4.
Means and sds of scores by levels of PA
ence scores of PIQ-VIQ and the corresponding VIQ score as covariate revealed that the dif-
ference between both IQ scores becomes larger at longer follow-ups, irrespective of side of
surgery (p<.001). This means that there is more gain in PIQ after surgery than in VIQ.
Comparison of the IQs between completely seizure-free patients (class IA) and pa-
tients who continued to have auras or seizures (Engel class IB-D, II-IV, Engel 1993) did
not show differences which could be ascribed to becoming seizure-free (Table 3a). Nei-
ther group showed higher gains or losses in the follow-up period. Most of the patients who
were seizure-free were off medication (20 out of 25) and most of the patients who contin-
ued to have seizures were on anti-epileptic drugs (AED, 41 out of 46). There was no dif-
ference in IQs between patients on or off AEDs. In a comparison of patients in the whole
Engel class I vs. class II-IV (Table 3b), an overall trend was found irrespective of opera-
tion side for FSIQ (FSIQI from 111.0 to 117.6, FSIQII-IV from 117.2 to 122.5, p=.09) and
PIQ (PIQI from 110.9 to 120.8, PIQII-IV from 118.4 to 124.7, p=.06). This means a slight-
ly larger increase in FSIQ and PIQ in the long term in patients who became seizure-free.
Other subdivions across levels of seizure classification are not practical due to low cell fre-
quencies.
To assess the influence of underlying pathology, we compared the exclusively MTS
group with the group which consisted of other pathologies (results in Table 4). Because
MTS is commonly associated with early age of seizure onset, this variable was included
as covariate. The group with no abnormalities was excluded. This analysis revealed an
effect of pathology in FSIQ (p=.03) and PIQ (p=.005) even after adjustment was made
for the linear effects of age at seizure onset as covariate. The group with other pathology
than MTS scored in all seven IQ points higher on VIQ, 12 IQ points on PIQ and 10 IQ
points on FSIQ. Interaction effects between either side or pathology at six years follow-
up did not occur which means that there was no difference in increase of IQs explained
by the variables in the study.
We employed a stepwise multiple regression analysis for predicting IQ-scores at six
years follow-up. Predictor variables were baseline performance, age at surgery, age at on-
set, area, gender, duration of epilepsy, etiology, extent of resection. The results of this
analysis as well as case examples are presented in Appendix 1. As can be seen from Ap-
pendix 1, baseline IQ and age at surgery are the major predictor variables for the three IQ
measures.
The increase of the IQs at first follow-up moment is not much different from the ex-
pected retest increase of 1.1 for the VIQ and 5.1 for the PIQ in normal adults.13 The effect
of multiple retesting must not be overrated.14 An increase after six years of the VIQ of
2.9-3.6 points and of the PIQ of 7.7-10.3 points can be regarded as within the normal
range.15
Appendix
General linear model for (six yrs) post-operative data:
VIQ (R2 = .79, B-VSIQ = .81, B-Age = -.31, B-Constant = 34.38
PIQ (R2 = .73, B-FSIQ = .67, B-Age = -.42, B-Constant = 60.39
FSIQ (R2 = .82, B-FSIQ = .79, B-Age = -.36, B-Constant = 41.78
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In the following examples the influence in three intelligence levels of both predictor
variables on the IQ at six years after surgery is compared:
age 20 age 50
IQs before surgery 80 100 120 80 100 120
VIQpost 93.0 109.2 125.4 83.8 99.9 116.1
PIQpost 105.3 118.6 131.9 92.6 106.0 119.3
FSIQpost 97.8 113.6 129.4 86.9 102.7 118.5
discussion
The purpose of this investigation was to determine the long-term effects of temporal
lobe surgery in pharmaco-resistant epilepsy on intelligence. We introduced four consec-
utive test moments over a six years period. All patients in this series were examined ac-
cording to this protocol. The method to calculate means per follow-up moment as pro-
posed by Blakemore and Falconer5 does not provide a valid picture because of changing
numbers and composition of each follow-up group. In the present study the outcome of
every follow-up moment was based on the same patient group.
The results after six years follow-up do not completely correspond with what has
been found in studies with a short follow-up of up to two years after surgery.5-10 These
studies claim a decrement of VIQ in LTL patients. This decrement was not seen in our
study. Quite the reverse was revealed in that the VIQ showed a gain at six years after sur-
gery, which net increase could be explained by the large increase in the postoperative
period from two to six years, a period in which plasticity of the brain has had time to
build up an effect. The increase of both IQs in RTL patients could be confirmed.
As regards possible favourable effects of retesting, Ivnik et al.14 found in a study of
retesting four times that practice effects were demonstrable only between the first and
second assessments. All other studies show a robust and rather stable retest effect, quite
irrespective of the used interval.16,17 In general, the effect is greater in the PIQ than in
the VIQ. The retest effect in patients with epilepsy seems not to differ from a normal pop-
ulation.18,19 In our analysis the increase of IQs did not differ with above found retest ef-
fects.
Several studies report a significant rise of VIQ and PIQ in successfully operated pa-
tients.20,21 In these studies however, it is not clear what “successfully operated” means.
Comparison in our group of the IQs between completely seizure-free patients (Class IA)
and patients who continued to have seizures did not show any difference in gains. Only
when we compared the whole class I patients, which includes patients with auras and
rare seizures after surgery, a trend of larger increase in FSIQ and PIQ emerged. Baseline
IQs, however, were higher in the less improved group, and it might be harder for them to
show the same increase at a higher level. In the study of Seidenberg et al.3, patients who
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became seizure-free showed an increase of 3.5 in VIQ and 9.8 in PIQ which even ex-
ceeds the increase in our RTL group. However, the composition of Seidenberg’s group
was different with a large subgroup (68%) of generalised seizures. This group could be ex-
pected to profit proportionally from improvement in their seizure status.
Studies on intelligence as related to neuropathology are scarce. MTS, in compari-
son to other pathologies, has been found to be responsible for lower presurgical VIQs
and PIQs.22,23 This knowledge has little prognostic value at long term follow-up. Mesial
temporal sclerosis did not lead to less improvement over time, and the difference re-
mains constant on long follow-up. Evidently, problems that occur with learning or ac-
quisition in the MTS-group after surgery do not play a role in intelligence (Alpherts et
al. submitted). The fact that the extent of resection, even with a large range (2-8cm),
was not related to a postoperative difference in either of the three IQ-scores, might give
some evidence for an equipotential (minimal) contribution to intelligence of the vary-
ing extent of resected brain tissue. This is in line with other studies.24
Although a longer duration of epilepsy has been found to negatively influence
baseline FSIQ25, it was not the case in our patients. The IQ-performance after an opera-
tion was highly related to the level of performance before operation and to the age at sur-
gery. The variable age at surgery added to the percentage of explained variance (ranging
from 67% for FSIQ to 81% for VIQ), while duration of epilepsy did not. Probably the in-
fluence of the duration of epilepsy tends to be reversible when seizures improve dramati-
cally for a long period.
There is no reason to believe that the outcome will change dramatically after six
years follow-up. Most of the seizure-free patients are off medication six years after opera-
tion. Long-term effects of medication should have stopped. Patients have adjusted to the
changed circumstances after an operation. It seems reasonable to conclude that the ef-
fects of epilepsy surgery on intelligence in the long term can be explained for the greater
part as retest effects. One might also conclude that in the long term the decline of VIQ
in LTL patients is altered in an increase.
The group under study has a mean IQ that is almost 1 standard deviation above the
general mean in the norm population, possibly due to the Flynn effect26 - the used WAIS
version is from 1970. Therefore, the results cannot be extrapolated to patients with an IQ
below average. Research on patients with below average IQ, however, show the same in-
crease at first follow-up moment after surgery, as in this study.6,10 With this, the effects of
epilepsy surgery on intelligence seem - within certain limits - rather stable for different
intelligence levels. One has to keep in mind that the WAIS was not constructed for neu-
ropsychological purposes which makes it less sensitive to brain condition. Further studies
are recommended to follow other cognitive functions in the long term, such as memory
and attention.
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abstract
Previous research on the cognitive effects of unilateral temporal lobe surgery for in-
tractable epilepsy has extensively shown that verbal memory declines after left domi-
nant temporal resections (LTL), but not after rightsided temporal surgeries (RTL). All
these studies involve only relatively short term effects, i.e. one assessment six months af-
ter surgery. It is therefore unclear if these observations represent a steady state. In order
to evaluate how memory evolves in time we assessed verbal memory performance as
measured by a verbal learning test (“15 Words Test”, a Dutch adaptation of Rey’s Audi-
tory Verbal Learning Test) before, and at three specific times after surgery: six months
(Group¹₂- 97 LTL vs. 123 RTL), two years (Group2 - 63 LTL vs. 90 RTL) and six years
(Group6 - 18 LTL vs. 36 RTL). In all patients an amygdalo-hippocampectomy and a
neocortical temporal resection of varying extent, between 2 and 8 cm was carried out.
Results showed an ongoing memory decline in LTL patients for consolidation (2/3 sd)
for up to two years after surgery and for acquisition of verbal material (2/3 sd) for up to six
years. RTL patients at first showed a gain in both memory acquisition and consolidation,
which vanishes in the long-term. 
Breaking the group up into mesiotemporal (MTS) and neoplastic pathology groups
showed clear differences. The tumor group (without MTS) showed an overall higher
memory performance than the group including pure MTS. The MTS group, in addition,
showed an ongoing decline of verbal memory acquisition in the LTL group as well as in
the RTL group. In LTL patients, being seizure free has a positive effect of at least six
months on acquisition of verbal material, but not on consolidation. Predictors of postop-
erative verbal memory performance are: side of surgery (6 years in effect), pre-operative
acquisition (2 years in effect), age (6 years for acquisition, six months for consolidation),
and Wada lateralization score (for six months). The results provide evidence for a dy-
namic decline of verbal memory functions associated with LTL surgery which is more
evident and long-lasting in patients with MTS.
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introduction
Epilepsy surgery is a common therapy for the relief of intractable (especially temporal
lobe) epilepsies. In the majority of temporal lobe epilepsies (about 85%) a varying ex-
tent of the anterior temporal lobe is resected, almost always including the amygdalo-hip-
pocampal area (specifically vulnerable in generating epileptogenic foci) and a varying
mass of neocortex. The results regarding seizures have proved to be beneficial at least in
the short term. An estimated 90% of patients are seizure free or have only seizures rarely
i.e. less than three per year after one year (Van Veelen et al., 2001). Data from our group
indicate that also long-term seizure outcome is very favourable (ibid.).
However, it seems that a price has to be paid for becoming seizure free. Right-sided
temporal resections, in general, do not cause verbal memory problems. On the other
hand, resections in the left temporal lobe that include hippocampus, amygdala and lat-
eral neocortex between 2-4.5 cm are in general associated with a clearly measurable de-
cline of verbal memory. There is no common agreement about the cognitive effects of
the extent of the resection. Some authors claim a correlation between neocortical ex-
tent of surgery and cognitive decline (Ojemann and Dodrill, 1985; Jones-Gotman M,
1987; Baxendale et al., 2000). Others do not find an effect of the extent of medial (Katz
et al., 1998) or lateral resection, which they explain by the fact that mesial structures ip-
silateral to seizure foci probably contribute minimally to memory function by the time of
surgery (Wolf et al., 1993; Wyler et al., 1995; Sass et al., 1994; Jones-Gotman et al.,
1997). Age at surgery tends to be an important variable, the younger the patient the bet-
ter results, probably due to functional plasticity of the brain (Davies et al., 1998; Her-
mann et al., 1995; Helmstaedter and Elger, 1996). Older age at seizure onset was also
found to be a predictor of postoperative memory decrease (Hermann et al., 1995), prob-
ably because in this patient group the occurrence of hippocampal sclerosis is much low-
er. Variables that did not correlate with postoperative change were: seizure outcome
(Seidenberg et al., 1998), and level of education.
Most publications describe short-term cognitive effects half a year after surgery
(Ivnik et al., 1987; Naugle et al., 1993; Davies et al., 1998). Extended follow-up, beyond
half a year has been scarcely performed, and there are only few publications with a fol-
low-up of one year (Novelly et al., 1984; Rausch and Crandall, 1982) or two years after
surgery (Rausch and Babb, 1993). Results from these studies cannot be used to make
conclusions about cognitive changes in the long-term. Moreover, they only describe one
single moment after surgery, thereby excluding the possibility of dynamic changes of the
cognitive state in the course of time.
Although the importance of a long follow-up has been stressed (Godoy et al., 1991;
Binnie et al., 2000; EFNS 2000) literature about long-term effects is scarce and not well
documented. In the few studies, including a larger follow-up, either the subjects are as-
sessed with different evaluation periods but difficult to compare due to varying numbers
of subjects (Blakemore and Falconer, 1967), or the range of the follow-up intervals is too
large (Selwa et al., 1994; Helmstaedter et al., 2000). Systematic reassessment of patients
over a longer period of time in large countries may be difficult. In a small country as the
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Netherlands, long-term follow-up studies are relatively easy to carry out.
The purpose of the present study was twofold. First, by assessing patients more than
once after temporal lobe surgery, we attempted to describe the dynamics over time in
verbal memory deficits in both left-sided and right-sided temporal lobe surgery. Second,
we applied an assessment interval of six years post-surgery to evaluate the long-term ef-
fects of surgery and to identify the factors related to possible verbal memory decline.
methods
Subjects
The subject sample consisted of patients who underwent left or right temporal resection
for treatment of medically intractable seizure disorder. They were included in the Dutch
Collaborative Epilepsy Surgery Program (Evaluation Protocols, 1993) and were operat-
ed between 1986 and 2002. Table 1 presents the demographic and clinical characteris-
tics of the included subjects. All patients had an extensive neuropsychological assess-
ment (Aldenkamp and Alpherts, 1999) and intracarotid sodium amobarbital testing
(Alpherts et al., 2000) before surgery. Patients with suggested right-hemisphere lan-
guage representation were excluded from this study. After surgery the patients were in-
vestigated at three specific times up to six years of follow-up. Only three subjects (1 LTL,
2 RTL) refused follow-up testing at six years.
The total subject pool was divided into three groups, according to completed levels
of follow-up. Complete details are shown in Table 1. Group¹₂ completed the first assess-
ment at six months post-surgery (n=227). Group2 completed the first assessment and
the second assessment at two years post-surgery (n=154). Group6 passed all 3 assess-
ments up to six years post-surgery (n=54). As a consequence, all subjects in prolonged
follow-up groups are also included in the groups with less prolonged follow-up.
As shown in Table 1, there are more patients included with a RTL than LTL. Gen-
der, age at seizure onset and age at surgery are uniformly spread among both groups.
Within Group¹₂ and Group2 only, Full Scale IQ (FSIQ) and Verbal IQ (VIQ) were
greater in the RTL group, which is a common finding (Chelune et al., 1993; Selwa et al.,
1994). Although patients with IQs as low as 70 were entered in the surgery protocol,
mean IQ was greater than in most other studies. In Group6, the RTL patients showed a
larger interval between pre surgery assessment and surgery.
Operative procedures
The goal of each resection was complete removal of amygdala and hippocampal forma-
tion and additionally involved resection of the temporal pole up to varying margins on
the lateral cortex, with or without intraoperative electrocorticography. Extent of resec-
tion was measured during the operation and was averaged across the three lateral (supe-
rior, medial and inferior) gyri. Extent of neocortical resection varied from 1-8 cm and
was larger in right temporal resections in all groups, due to lack of strict restrictions in
sparing eloquent cortex. The study thus excludes patients with only neocortical tempo-
ral (lesional) resections. Inspection on post-surgery MRIs showed minimal residuals of
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Demographic and clinical characteristics
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the hippocampus of 0.3 cm3. Left-sided resections were guided by intraoperative map-
ping of language in 45% of the patients (Penfield procedure).
Neuropathological investigation
A histological analysis performed on the removed brain tissue showed that the diag-
nosed pathology mainly consists of two types: a large group with exclusively mesiotem-
poral sclerosis (MTS) (Group¹₂ and Group2 - 63% and Group6 - 46%) and a smaller
group of 15-19% with different kinds of tumors in the temporal lobe. Dual pathology was
found in only 2-5%, no abnormalities in 5-13% of specimina.
Seizure Outcome
Each patient was assigned to one of four outcome classes (Engel 1993: I - seizure free, II -
almost seizure free, III - substantial improvement, IV - no improvement). Class I was
split up between IA (completely seizure free) and IB-ID (auras or sporadic seizures). As
can be seen in Table 1, results are in line with international data. The percentage of pa-
tients classified as seizure free or having sporadic seizures only (Engel’s score I+II) are
94% at half a year and 91% at two and six years after surgery. The percentage of patients
classified as completely seizure free (Engel’s score IA) drops from 59% at half a year post-
surgery to 48% at two years and 39% at six years.
Test material
The “15 Words Test” (Saan and Deelman, 1986) has been developed to diagnose verbal
long-term memory deficits. The test is a Dutch adaptation of the Auditory Verbal Learn-
ing Test (AVLT, Rey 1964) and does not differ substantially to the original form. It con-
sists of five successive presentations of a list of 15 words followed by free recall on each
trial. After interference tasks have been performed for half an hour, retention of the list
is examined. The test yields the following 5 measures for the purpose of the study: the
scores of trials 1 and 5, which can be used to picture a ‘learning curve’, the difference be-
tween trial 5 and 1 as a ‘learning parameter’ (DIF5-1), the total number of words recalled
across the 5 trials, ‘list learning/acquisition’ (SUM1-5) and the long-delay free recall
score , ‘consolidation/retrieval’ (RECALL). In order to minimize retest effects, equiva-
lent alternate word-lists were used on each of successive follow-ups. Alternate form reli-
ability coefficients are adequate and varied from .85 to .91.
results
Base line comparison of the epilepsy group and normative groups.
A comparison of the mean values of the epilepsy group “15 Words Test” at the pre-sur-
gery condition (Tables 2, 3, 4) and of a (Dutch) normative group of the same age (Trial 1
- 6.1, Trial 5 - 12.5, SUM1-5 - 50.2, DIF5-1 - 6.4, RECALL - 10.6) only shows signifi-
cantly lower RECALL scores in group2. Normative data have been gathered for the
AVLT, reported by Mitrushina et al. (1999) and are useable for comparison with the
Dutch version. Two of these normative data sets have a comparable demographic make-
88
up as our epilepsy group (Geffen et al., 1990; Nielsen et al., 1989). The first group con-
sisted of ‘normal’ adults, the second group had undergone minor surgery (primarily arm
and leg, non neurological). The groups were pooled (N=37) with an age range between
30 and 39. The means for these pooled groups were: Trial 1 - 5.9, Trial 5 - 12.0, SUM1-5
- 48.2, DIF5-1 - 6.1 and RECALL - 11.3. Again only the RECALL scores were signifi-
cantly lower in the epilepsy group compared with the pooled group.
Statistical analysis of the two group studies
The means and standard deviations for each of the neuropsychological variables (for the
LTL and RTL groups) before and after surgery are split up over tables 2, 4 and 6 accord-
ing to length of follow-up. In order to evaluate the effects of surgery on verbal memory as
measured by the “15 Words Test”, a multivariate analysis of variance (Group x Retest re-
peated-measures MANOVA) was calculated for the 5 memory variables. Analysis was
done with SPSS (1999).
Study 1: Group¹₂ - six months after surgery.
Table 2 shows the scores on the memory measures for LTL and RTL groups before and at
six months after resection. 
Presurgical differences between LTL and RTL
Before surgery, the RTL group performed significantly (p<.01) better than the LTL group
on DIF5-1 only (6.0 vs. 5.1), in spite of a lower starting point (Trial 1). This indicates
that, before surgery, verbal learning capacity in patients with right temporal foci is
greater than in patients with left temporal foci.
To examine possible relations between baseline (presurgical) level of performance
and clinical characteristics, a multiple regression analysis was conducted to determine
which variables in a chosen set of variables are important predictors for the variables in
the study. The analysis yields (a) a multiple coefficient of determination (R2) which rep-
resents the fraction of the sample variation that is attributable to, or explained by, the
independent variables, and (b) the selected variables with the estimated coefficients
(B). The following variables were entered: area, gender, age at surgery, age at onset, du-
ration of epilepsy, VIQ and PIQ. The results of a stepwise analysis provided significant
(p<.0001) relationships between higher ‘base level’ verbal memory scores with higher
IQs and lower age. In DIF5-1 the analysis failed to find a meaningful relationship for any
variables. The largest explained variance (30%) was found in the total sum of words re-
called. Details of the analysis can be found in Appendix 1a.
Effects six months after surgery
As expected, the LTL group experienced a decrease on all verbal memory variables ex-
cept one, in contrast with the RTL group (Table 2). This yields significant interaction
effects of side of surgery and time of the test for all variables except for DIF5-1 (see App.
1b). This postoperative decrease on verbal memory in LTL patients is about the same as
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Table 2
Means and sds of scores on the 15 Word Learning Task, group ¹₂
the increase in RTL patients. After six months the difference in scores between the RTL
and LTL group increases steadily, ranging from .3 sd on Trial 1 to 1 sd on RECALL.
Mesiotemporal sclerosis versus neoplastic lesions
Two subcategories of the underlying pathology, mesiotemporal sclerosis and tumors
with no dual pathology consisted of sufficient patients (138 vs. 36 respectively) to allow
a comparison of their performance. Differences between these pathology groups were
found irrespective of the side of operation on Trial 1, SUM1-5 and RECALL score (App.
1c, Fig. 1). This indicates that in total patients with mesiotemporal sclerosis performed
substantially worse than patients with neoplastic lesions. A comparison of neoplastic le-
sion patients with normal controls (see normative data above) did not show a difference
with respect to (pre-operative) memory performance. No significant interactions were
revealed for the variables pre-operatively or post-operatively or for the change in scores
after the operation, LTL patients in both pathology categories showed the same decline,
RTL patients the same increase.
Extent of neocortical resection and seizure outcome
The extent of the resection of the group that became completely seizure free since sur-
gery (Engel IA) was compared with the group with ongoing seizures, sporadic seizures or
auras (Engel IB - IV). The resection sizes were not significantly different between Engel
classes IA (LTL 3.94 cm - sd 1.05, RTL 4.83 cm - sd 1.33) and Engel classes IB - IV (LTL
3.90 - sd 0.97 , RTL 4.64 - sd 1.13), suggesting that a larger neocortical resection does
not in itself enhance the chance of becoming seizure free.
Table 3 provides the mean scores for each of the core measures (SUM1-5, DIF5-1,
RECALL) across groups of surgical outcome. The repeated measurement MANOVA re-
vealed a significant interaction for the side of surgery by outcome across each of three
variables, SUM1-5, DIF1-5 and RECALL (App. 1d). This is caused by the fact that the
scores of the seizure free group in rightsided resections are worse than the Engel classes
IB-IV. No significant demographic or clinical differences between the two RTL sub-
groups could explain this difference.
A significant 3-way interaction for side of surgery by outcome by test moment was
found only for variable SUM1-5 (F[1,216] = 7.24, p <.01). The seizure free LTL group
shows a much smaller decrement than the group with ongoing seizures.
Prediction of postoperative verbal memory
A stepwise multiple regression analysis was undertaken with the different postoperative
verbal memory scores each as the dependent variable and the following as independent
variables: gender, pre-operative memory scores, PIQ, VIQ, side of surgery, extent of re-
section, age at surgery, age at seizure onset, duration of epilepsy, degree of Wada focus lat-
eralization. The latter variable is a measure of functional integrity of one hemisphere
and has earlier been found to predict focus lateralization with 85% accuracy (Alpherts et
al., 2000). The results of a stepwise analysis provided significant (p<.0001) relationships
for Trial 1, Trial 5, SUM1-5, Recall. In all these separate analyses the pre-operative sum-
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Table 3
Means and sds of scores by levels of surgical outcome, group ¹₂
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mation score is included and in SUM1-5 and RECALL also the operation side, Wada fo-
cus lateralization and age. No meaningful relationship was found for any variables in
predicting postoperative DIF5-1.
Study 2: Group2 - two years after surgery.
Details of the statistical analyses can be found in the description of Study 1. Table 4
shows the scores on the memory measures for both temporal groups before and at two
years after resection. 
Presurgical differences
The right temporal group performed significantly better than the left temporal group on
Trial 5 (12.1 vs. 11.2) and DIF5-1 (6.3 vs. 5.2), again in spite of an even lower starting
point (Trial 1). Apparently, LTL patients are less capable of building up a learning curve.
The results of the multiple regression analysis provided significant (p<.0001) rela-
tionships for Trial 1, Trial 5, SUM1-5 and RECALL (App. 2a). In DIF5-1 no meaningful
relationship for any variables could be found. 
From the former it can be concluded that higher verbal memory scores can be pre-
dicted by higher baseline PIQs, higher VIQs (except on trials 1 and 5) and lower age (ex-
cept on RECALL). The largest explained variance (30%) was found in the total sum of
words recalled. Only in Trial 5 was also a negative contribution of left-sided surgery on
verbal memory found.
Effects two years after surgery
The LTL group experienced an ongoing decrease over time on all verbal memory vari-
ables except one. In the RTL group (that at first showed an increase as described in study
1), at two years the performance had dropped back to base level. This yields significant
interaction effects of side of surgery by test moment for Trial 1, Trial 5, SUM1-5 and RE-
CALL, except on DIF5-1 (App. 2b). Multiple comparison of the verbal measures over
time in LTL patients shows significant decline six months after surgery on SUM1-5
(p<.01) and RECALL (p<.05), which decline continues after six months up to two years
(p<.001). Of the other measures, Trial 5 and DIF5-1 show a lower score after two years
(p<.01 and p<.05 resp.), compared with the first two test moments. In RTL patients, a
significant increase can be seen six months after surgery on Trial 1 (p<.01), SUM1-5
(p<.01) and RECALL (p<.001). After two years however, the performance falls back
significantly on the measures Trial 5 (p<.001), SUM1-5 (p<.01) and DIF5-1 (p<.01).
This means that in LTL the total volume of learned verbal material and the long-term
verbal recall show an ongoing decline at least up to two years after surgery. The improve-
ment of the performance after surgery in RTL patients cannot be sustained.
Mesiotemporal sclerosis versus neoplastic lesions
Differences between the mesiotemporal sclerosis (n = 96) and exclusively tumor (n =
23) pathology groups were found irrespective of the side of operation on Trial 1, SUM1-
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Table 4
Means and sds of scores on the 15 Word Learning Task, group 2
5 and the RECALL score (App. 2c, Fig. 1). Over the follow-up period of two years after
surgery patients with a former mesiotemporal sclerosis performed substantially worse
than patients who had suffered from neoplastic lesions. The sum score in the LTL/MTS
group displays a continuing decline, shown by the significance of multiple comparisons
(p<.01). This is not the case in the tumor group: the decline stops after half a year. The
striking fact of the relapse in RTL patients at two years, as found in the whole group, re-
mains visible in both pathology subgroups.
Extent of neocortical resection and seizure outcome
The resection sizes of Engel classes IA and IB-IV were not significantly different be-
tween Engel class IA (LTL 4.07 cm - sd 1.03, RTL 4.76 cm - sd 1.34) and Engel classes IB
- IV (LTL 3.82 - sd 0.94 , RTL 4.78 - sd 1.18). A larger resection does not enlarge the
chance of remaining seizure free. Table 5 provides the mean scores for each of the core
measures (SUM1-5, DIF5-1, RECALL) across groups of surgical outcome. The repeated
measurement MANOVA revealed a significant interaction for the side of surgery by out-
come across SUM1-5 and RECALL (App. 2d). This is caused by the fact that there is a
trend in the scores of the seizure free group in rightsided resections of being worse than
those in the Engel classes IB-IV (p=.06). The scores in both LTL groups are significantly
different in DIF5-1 (p<.05), but not on SUM1-5 or RECALL. 
Prediction of postoperative verbal memory
The results of the stepwise multiple regression analysis provided significant (p<.0001)
relationships for Trial 1, Trial 5, SUM1-5, DIF5-1 and Recall (App. 2e). In all these sep-
arate analyses the side of operation is included and the pre-operative summation score,
except for Trial 1, and DIF5-1. Age is included in Trial 5, SUM1-5 and DIF5-1.
Study 3: Group 6 - six years after surgery.
Details of the statistical analyses can be found in the description of Study 1. Table 6
shows the scores on the memory measures for both temporal groups before and at six
years after resection.
Presurgical differences
The right temporal group performed significantly better on DIF5-1 (6.7 vs. 5.0). In spite
of a lower starting point in RTL patients, the gain in building up a learning curve is
much greater.  The results of the multiple regression analysis provided significant
(p<.0001) models for Trial 1, Trial 5, DIF5-1, SUM1-5 and RECALL (App. 3a). Higher
verbal memory scores can be predicted by higher PIQs (except on DIF5-1). Age is a neg-
ative predictor in Trial 1 and DIF5-1, duration of epilepsy in SUM1-5. The largest ex-
plained variance (37%) was found in SUM1-5.
Effects six years after surgery
The LTL group experienced a decrease over time on two verbal memory variables in
contrast with the RTL group. This yields significant interaction effects for the measures
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Table 5
Means and sds of scores by levels of surgical outcome, group 2
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Table 6
Means and sds of scores on the 15 Word Learning Task, group 6
SUM1-5 and RECALL. Multiple comparison over time shows an ongoing decline in
LTL patients up to six years after surgery for SUM1-5 (p<.01). This decline comes to a
halt in RECALL after two years, the performance six years after surgery in LTL patients
is not significantly different from the first 3 test moments (p<.10). This pattern cannot
be seen in RTL patients: after a steep increase in performance and a relapse two years af-
ter surgery, no significant change can be detected at six years after surgery.
Mesiotemporal sclerosis versus neoplastic lesions
Differences between mesiotemporal sclerosis (n=25) and tumor (n=10) pathology
groups were found irrespective of the side of operation on Trial 5, SUM1-5 and the RE-
CALL score (App. 3c, Fig. 1). On all test moments, patients operated for mesiotemporal
sclerosis perform substantially worse after surgery than patients with neoplastic lesions.
This also applies to LTL and RTL patients. Multiple comparison shows an ongoing de-
cline in LTL/MTS subjects on SUM1-5 up to six years after surgery (p<.05). The RE-
CALL score in this group does not substantially change after two years post-surgery
(p>.1). The neoplastic group is too small to infer reliable comparisons. In contrast, the
RTL group only shows an increase in SUM1-5 and RECALL in the MTS group on the
first test moment after surgery. None of the other performances are significantly different
from each other.
Extent of neocortical resection and seizure outcome
The resection sizes in Engel classes IA and IB-IV were not significantly different (IA:
LTL 4.13 cm - sd .58, RTL 5.42 cm - sd 1.02 and IB - IV: LTL 3.90 - sd 0.94 , RTL 5.17 - sd
1.09). In the long term, a larger resection does not appear to enlarge the chance of re-
maining seizure free. The repeated measurement MANOVA did not reveal any signifi-
cant interactions between the core measures (SUM1-5, DIF5-1, RECALL) across the
side of surgery by outcome (table 7), or three way interactions for side of surgery by out-
come by test moment.
Prediction of postoperative verbal memory
The results of a stepwise analysis provided significant (p<.0001) relationships for Trial 1
and SUM1-5. In these analyses a higher summation score can be predicted with the
largest explained variance (41%) by a higher score on Trial 5, lower age and being RTL.
No meaningful relationship was found for any of the other measures in predicting post-
operative performance.
discussion
The purpose of this study was to investigate whether continuing verbal memory deficits
were present after a long-term follow-up interval of six years post-surgery in epilepsy pa-
tients who had temporal lobe surgery.
The main results to be discussed can be divided into four aspects: (a) the long-term
effects of temporal lobe surgery on verbal memory, (b) differences in effects between
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Table 7
Means and sds of scores by levels of surgical outcome, group 6
MTS and neoplastic pathology groups, (c) effects of extent of neocortical resection and
seizure outcome and (d) implications of these findings.
Long-term effects of temporal lobectomy on verbal memory
The overall results show a decline in acquisition/learning in LTL patients which not on-
ly decreases after the first postoperative measurement period, as extensively reported by
others (Rausch and Crandall, 1982; Novelly et al., 1984; Ivnik et al., 1987; Naugle et al.,
1993; Davies et al., 1998; Helmstaedter and Elger, 1998), but continues to decrease after
two years, and even shows a further decline up to six years after surgery. This effect is on-
ly in part observed in consolidation/retrieval: an ongoing decline up to two years after
surgery, which then seems to stop and does not show a further decrease in the course of
time. Although before surgery in general there is not much difference in level of acquisi-
tion compared with control groups, consolidation however, is weaker. After surgery in
LTL patients, acquisition in the long-term suffers more than consolidation. In RTL pa-
tients, a slight improvement can be noted at first which is universally reported. Howev-
er, two years after surgery this improvement seems to fall back to the pre-operative level.
This applies to immediate learning as well as for consolidation.
These observed differences between LTL and RTL cannot be explained on the ba-
sis of differences in presurgical performance. DIF5-1 is the only variable showing a
presurgical LTL/RTL difference: RTL patients start lower and end up higher, resulting in
a larger range and hence in a steeper learning curve.
Retesting several times as in this study could enhance the performance. However,
Ivnik et al. (1999) found that practice effects only occurred between the first and second
assessments. A practice effect on the AVLT (retesting after 27 days) was evident only in
a group exposed to the same list and not on parallel forms (Crawford et al., 1989). There-
fore we used alternate equivalent forms for the follow-up assessments to eliminate or
minimize retest effects. The improvement in the RTL group after six months however,
cannot be contributed to a retest effect.
The results of the three groups run parallel clearly separate from each other. This
means that the groups which had been operated in the early days of our epilepsy surgery
program scored better even at baseline. This is probably in the greater part due to a dif-
ferent etiological composition of the groups. The group of more recently operated pa-
tients contains a larger percentage of MTS and dual pathology. These groups perform
worse on the verbal memory task, as will be discussed below.
Why is this decline in LTL patients dynamic? Why does it not cease? An explana-
tion for this could be that the hippocampal system is a relay centre and that its removal
causes functional deficits elsewhere in the brain. Furthermore, a process starts of shrink-
age of the hippocampal remnant (Baxendale et al., 2000), and although already small in
our operations, it is an ongoing process of degeneration which must have an effect on the
surrounding tissue and the connections of mesial structures. The fact that acquisition
tends to show a longer decline than retrieval is an argument for its relation with mesial
temporal structures as well. In our study the outcome of MRI scans which were per-
formed on all patients was not analyzed. Hypothetically, the contra-lateral side could de-
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velop an epileptic focus, either dependent on the other (operated) side, or independent
which could lead to MTS. EEG and MRI is not standardly performed after six years, but
could give invaluable information on this subject.
Differences in effects between MTS and neoplastic pathology groups
The effects on the whole group could be split-up into the two largest and most important
PA groups, MTS and tumors (excluding dual pathology). There are clear differences be-
tween these two groups, pre-operatively as well as post-operatively. The patient group
with MTS has an overall lower score compared with the group with only tumors. This
holds for LTL patients as well as RTL patients. This is quite understandable in LTL pa-
tients, but the equivalent negative effect of rightsided MTS on verbal memory is, as else-
where reported (McMillan et al., 1987), less obvious. 
There is, however, no significant difference before surgery on acquisition and con-
solidation between LTL and RTL. This is remarkable because the left and right
mesiotemporal structures are supposed to differ in their processing of material-specific
information. Both PA groups underwent the same kind of surgery, anterior temporal
neocortical resection, together with an amygdalo-hippocampectomy. The effect of re-
moval of a ‘healthy’, non atrophied hippocampus in the tumor group did not lead to a
significantly larger decline than in the MTS group, as reported in some other studies
(Trenerry et al., 1993; Chelune, 1995; Seidenberg et al., 1996). This result is important
because in our study it is based on a large group. The negative effect of MTS can thus
clearly be observed before surgery, but also after surgery in the long-term in LTL patients:
acquisition declines in every follow-up period. This is far less clear in the group with tu-
mors, especially in Group2, which shows a positive trend two years after surgery. This in-
dicates that a diagnosis of MTS has a less favourable prognosis for verbal memory func-
tioning than other kinds of pathology and could be explained by the fact that most pa-
tients with MTS have some degree of bilateral, asymmetric hippocampal pathology
(Quigg and Bertram, 1997).
Effects of extent of neocortical resection and seizure outcome
In all patients in addition to amygdalo-hippocampectomy, a different extent of temporal
neocortex was removed. The fact that the extent of neocortical resection did not differ-
ently influence the post-operative memory performance is not in line with the idea that
neocortical resections in particular are responsible for a residual memory deficit (Oje-
mann and Dodrill, 1985). It is more in favour of the fact that the effects of epilepsy orig-
inating from the mesial temporal lobe spread to the temporal pole (Dupont et al., 2001).
Secondly, the chance of becoming seizure free is not enlarged by removing more tissue.
There are effects, however, between verbal memory performance and lack of seizures. In
LTL patients, being seizure free has a positive effect of at least six months on acquisition
of verbal material, not on consolidation. This effect is no longer significant after two
years.
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Predictors of postoperative verbal memory
The side of operation is of course the core variable to be related to postoperative verbal
memory performance, which is in effect as a predictor up to six years after surgery. Besides
this, the pre-operative acquisition score proved to be a predictor of post-operative verbal
memory performance up to at least two years after surgery (SUM1-5), as for its own score
and for that of consolidation. Age has an effect on acquisition on all post-operative
stages. The age of the patients has increased by 7 years at the last six year follow-up. They
might show a “natural” memory decline in this period. This applies however for the LTL
patients, as well as the RTL patients. In the last group this decline can not be seen.
A relation with Wada scores could be found at six months only, when the strength
of lateralization of focus, as found on the Wada test (Alpherts et al., 2000), was included.
The existence of this relationship indicates that the less evidence of contralateral dam-
age, the less decline of verbal memory will occur. This is in favour of some reconstitution
of verbal memory functions to the right hemisphere, or at least less sustaining potential
in not totally functional hemispherical integrity. Consolidation of verbal material could
not be reliably predicted at six years after surgery, which is probably due to the levelling
out of this score after two years.
Implications of these findings
The finding of a long-term decline in acquisition in LTL patients has not been reported
earlier. A prolonged standardly performed follow-up, as in our patient group is in general
not performed, although very advisable (Godoy et al. 1991; Binnie et al. 2000; EFNS
2000). This might explain the lack of other reports on this relationship. Well known is
the fact that patients with epilepsy complain more than normally (Hendriks et al. 2002;
McGlone 1994) about their memory, but in the case of epilepsy surgery this fact has to be
weighed against the possibility of becoming seizure free. The paradox exists of having
extensive memory problems which do not in themselves lead to complaints, because the
patient’s memory for forgetting things is so bad (Vermeulen et al. 1993). Patients with a
good memory do not forget what they forgot. Yet problems with acquisition can have
great consequences for the patient’s learning ability. However, the long-term verbal
memory disturbances in LTL patients were established with the used test, the AVLT.
This test can only be used to examine part of the verbal memory. Research in this area
should be continued with other forms of verbal memory.
Conclusions
The results provide evidence for a dynamic decline of verbal memory functions associat-
ed with LTL surgery, and more evident and long lasting in patients with MTS.
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appendix 1
a. General linear model for pre-operative data:
Trial 1 (R2 = .21, B-VIQ = .03, B-Age = -.05, B-PIQ = .02, B-Constant = 1.64)
Trial 5 (R2 = .18, B-VIQ = .03, B-PIQ = .03, B-Age = -.06, B-Constant = 6.31)
SUM1-5 (R2 = .30, B-VIQ = .20, B-PIQ = .15, B-Age = -.31, B-Constant = 19.54)
RECALL (R2 = .20, B-VIQ = .05, B-PIQ = .05, B-Age = -.07, B-Constant = .76). 
b. Interaction effects of side of surgery x follow-up period (F 1, 218).
Trial 1 (F = 8.9, p = .003)
Trial 5 (F = 14.8, p<.001)
SUM1-5 (F = 30.1, p<.001)
RECALL (F = 30.3, p<.001)
DIF5-1 (F = 1.6, p>.1).
c. Effects between MTS and tumor groups.
Trial 1 (F 1, 170 = 4.05, p<.05)
SUM1-5 (F 1, 170 = 6.07, p<.05)
RECALL  (F 1, 170 = 5.91, p<.05)
d. Repeated Measurement Manova, memory x outcome.
SUM1-5 (F[1,216] = 4.67, p <.05)
DIF1-5 (F[1,216] = 4.98, p <.05)
RECALL (F[1,216] = 4.10, p <.05)
e. General linear model for post-operative data:
Trial 1 (R2 =.27, B-preSUM1-5 = .08, B-Wada = 1.30, B-PIQ = .02, B-Constant = -1.30)
Trial 5 (R2 = .47, B-preSUM1-5 = .15, B-Area = 1.74, B-Wada = 2.30, B-Constant = -
.34)
SUM1-5 (R2 = .58, B-preSUM1-5 = .62, B-Area = 6.08, B-Wada = 8.14, B-Age = -.18, B-
VIQ = .09, B-Constant = -1.73)
RECALL (R2 = .55, B-preSUM1-5 = .20, B-Area = 2.75, B-Wada = 2.38, B-preRecall =
.24, B-Age = -.06, B-Trial4 = -.35, B-Constant = -3.09)
appendix 2
a. General linear model for pre-operative data:
Trial 1 (R2 = .20, B-PIQ = .02, B-Age = -.05, B-VIQ = .03, B-Constant = 2.55)
Trial 5 (R2 = .23, B-PIQ = .06, B-SideofSurgery = .92, B-Age = -.05, B-Constant = 5.37)
SUM1-5 (R2 = .30, B-PIQ = .17, B-VIQ = .15, B-Age = -.29, B-Constant = 22.23)
RECALL (R2 = .24, B-PIQ = .07, B-VIQ = .04, B-Constant = -3.46)
103
b. Interaction effects of side of surgery x follow-up period (F 2, 300):
Trial 1 (F = 4.0, p = .02)
Trial 5 (F = 3.4, p<.05)
SUM1-5 (F = 11.8, p<.001)
RECALL (F = 16.0, p<.001)
DIF5-1 (F = .2, p>.8)
c. Effects between MTS and tumor groups.
Trial 1 (F 1, 114 = 5.56, p<.05)
SUM1-5 (F 1, 114 = 5.87, p<.05)
RECALL score (F 1, 114 = 5.80, p<.05)
d. Repeated Measurement Manova, memory x outcome.
SUM1-5 (F[1,148] = 4.90, p <.05)
RECALL (F[1,216] = 4.21, p <.05)
e. General linear model for post-operative data:
Trial 1 (R2 =.21, B-preTrial1 = .40, B-Area = .86, B-Constant = 2.11)
Trial 5 (R2 = .54, B-preSUM1-5 = .12, B-Area = 1.95, B-Age = -.06, B-Constant = 3.95)
SUM1-5 (R2 = .52, B-preSUM1-5 = .47, B-Area = 6.98, B-Age = -.14, B-Constant =
15.46)
DIF5-1 (R2 = .20, B-preTrial4 = .24, B-Area = 1.24, B-Age = -.05, B-Constant = 1.80)
RECALL (R2 = .43, B-Area = 3.27, B-preSUM1-5 = .14, B-Constant = -3.41)
appendix 3
a. General linear model for pre-operative data:
Trial 1 (R2 = .33, B-Age = -.11, B-PIQ = .04, B-Constant = 5.25)
Trial 5 (R2 = .22, B-PIQ = .06, B-Constant = 4.96)
DIF5-1 (R2 = .25, B-Area = 1.32, B-Age = .07, B-Constant = 1.51)
SUM1-5 (R2 = .37, B-PIQ = .25, B-DurationOfEpilepsy = -.35, B-Constant = 29.45)
RECALL (R2 = .28, B-PIQ = .11, B-Constant = -2.65)
b. Interaction effects of side of surgery x follow-up period (F 3, 156):
SUM1-5 (F = 5.0, p<.01)
RECALL (F = 5.2, p<.01)
c. Effects between MTS and tumor groups.
Trial 5 (F 1, 31 = 5.99, p<.05)
SUM1-5 (F 1, 31 = 6.90, p<.05)
RECALL score (F 1, 31 = 8.01, p<.01)
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d. General linear model for post-operative data:
Trial 1 (R2 =.21, B-preSUM1-5 = .09, B-Constant = 1.55)
SUM1-5 (R2 = .41, B-preTrial5 = 1.58, B-Age = -.51, B-Area = 5.98, B-Constant =
35.28)
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Chapter 7
General Discussion

general discussion
The aim of this thesis was to pick out certain parts of the chronological process of testing
and follow-up of neuropsychological treatment for patients with therapy resistant
epilepsy (involved in epilepsy surgery). The mean emphasis lies with the cognitive ef-
fects of epilepsy surgery in the long term, (i.e., at least six years after surgery). Since the
introduction of standardized neuropsychological assessment in epilepsy surgery in 1986,
the patients have been followed-up for a period of at least six years after surgery. This
long follow-up, unique in the world of epilepsy treatment, has been recorded in a data-
base which  currently houses data of more than 450 patients.
Some tests, such as the Wada test and the investigation during ‘Penfield’ opera-
tions, have a unique sphere of action, until recently in the Netherlands reserved to the
UMCU in Utrecht. In the Wada test patients can be tested while part of the brain func-
tion has been made inactive’ In the ‘Penfield’ procedure small brain areas are continual-
ly ‘disturbed’ by shortlasting electro-stimulation. The primary purpose in both investiga-
tions is to gain insight into which hemisphere, or more specifically, area, is involved in
language (Wada test, Penfield procedure), and to what extent memory is sustained in
both hemispheres (Wada test only). Besides this primary goal the present research can
yield data on reliability and, as the group under study becomes larger, give insight into
the relationship between different variables. The Wada test, for instance, has now been
in use for more than 40 years in almost all institutes in which epilepsy surgery is carried
out. The Wada test is not a test in the strict sense. It is more like a procedure, but without
a strict set of instructions. This has not only disadvantages, but also clear advantages.
Using one’s own judgement, different parts of the test can be used while still being what
is considered “useful” in the literature. The biggest problem of the test lies in the con-
stantly changing test situation. No Wada test is alike. Often the protocol has to be
adapted during the test itself. The period of activation of the amobarbital used, for in-
stance, is limited. With a commonly used dose of 125 mg the EEG – as a measure of effect
of the drug – is asymmetrical for 6 minutes with a standard deviation of 2. This means
that memory items have to be presented well beforehand. This is not always possible. Pa-
tients are often obtunded or not alert enough to follow with their eyes. One has to wait
until these effects have cleared. With this, the test situation is not standard. Some neu-
rological institutes try to improve the reliability of the test by presenting many memory
items. From the former it follows that this can lead to practical problems. First, the test
may move out of the time window of amobarbital being active; second, the effect of the
drug may be different on the first and the last memory item. In our group a set of only 5
memory items has been used since 1986. Presentation of these items normally lasts no
longer than one minute, and is preferably started two and a half minutes after injection.
This procedure can be maintained if it yields valid results. Validity was operationalized
as a sub-goal of the Wada test:  the possibility of predicting global amnesia after surgery
caused by resection of brain tissue necessary for a sound memory function, due to the fact
that the hemisphere contralateral to the epileptic focus could not sustain memory on its
own. As the Wada test apparently can perform this prediction, a relationship must exist
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between outcome of the test and memory functionality of the contralateral hemisphere.
A passed Wada test predicts functionality, a failed test predicts a lacking in functionality.
This fact was used to determine the predictive value of a combination of variables in-
volved in the Wada test. Mere memory scores do not yield enough discriminative power.
A statistical technique was used (logistic regression) in selecting four variables with
which the side of focus could be determined with an accuracy of 85%. The variables
were both memory scores, story recall after right sided injection and presentation time of
stimuli after left sided injection – recorded as the moment on which enough alertness
has been recovered. With this it has been proved that the Wada test is valid as to its dis-
criminative power in detecting diminished functionality. Moreover, a relationship could
be assessed between differences in score and becoming seizure free. Although the effect
is not large, a smaller percentage of becoming seizure free could be determined in the
group in which the side of focus was incorrectly predicted by the regression formula.
However, the explanation of this phenomenon is not easy. There were no contralateral
MRI abnormalities in this group. However, MRI scans over this period were only used to
look at left/right differences in hippocampal size and not at absolute size. This means
that in a number of cases a possibly smaller than normal hippocampus was not consid-
ered as atrophic. It is also possible that a mirror focus is developing or that the anatomi-
cally subtle differences between both temporal lobes have an effect on cognitive func-
tionality and on seizure freedom after surgery. Only research in the long-term might shed
light into whether this group of epilepsy patients is developing contralaterally to the ear-
lier removed focus.
Surgery under Penfield conditions, i.e., under local anaesthesia with language map-
ping, follows naturally from the Wada test. This kind of surgery indeed might be chosen
if the Wada test showed that the epileptic focus resides in the for language dominant
hemisphere. Our standard resections in the dominant temporal lobe normally do not ex-
ceed 4.5 cms from the temporal tip. Is this safe? Do we actually have to perform all resec-
tions in the dominant temporal lobe under Penfield conditions? Suggestions have been
made in the literature that anterior to the classical Wernicke area small language areas
exist specially below a full scale intelligence level of 80. Whether these areas are neces-
sary and whether the resection of these have consequences for language function has not
yet been clarified. However, a well known paradox emerges. We perform language map-
ping during corticography to help the neurosurgeon in avoiding resecting positive lan-
guage areas. If we find these areas during mapping, it is not ethical to resect these to see
what the effect of this resection is. If we do not check for language, as in general anaes-
thesia, we cannot be sure whether language areas have been removed. Maybe in large
groups such a relation can be found, but in the single patient we will fail. Because lan-
guage mapping shows eloquent areas within 4.5 cm from the temporal pole in 17.5% of
the superior temporal gyrus, and in 7.5% of the medial temporal gyrus, we may assume
this to be applicable to the general anaesthesia group as well, provided that typical le-
sionectomies in the neocortex are excluded. This means that we can be almost sure that
there are cases under general anaesthesia where language areas have been resected that
had been left in situ under local anaesthesia. This may explain the decrease of the verbal
IQ and the Tokentest, although slightly deviating from 5% significance (two-sided). As
a clear medical/neuropsychological interest is involved, one could heighten this signifi-
cance level easily to 10%. Given this, there are arguments to perform all neocortical re-
sections – under cortocographical guidance – in the dominant hemisphere under Pen-
field conditions. However, following on chapter 3, the neurosurgeon does not always
have this choice, or even makes a selection: the group under local anaesthesia is younger
and probably there is a reason for this. The younger the patients, the better they can sus-
tain the procedure. What would happen if the neurosurgeon has freedom of choice?
Then the weight of cognitive deterioration is increased, which will not easily be deter-
mined. The concept ‘Quality of Life’, in comparing cognitive decrease with becoming
seizure free, is not much help in this case. Is it ethical to ask patients to exchange lan-
guage function for a chance of becoming seizure free? Indeed, in my practice I encoun-
tered a patient who after an operation said that he wanted his seizures back, but also his
memory. However, we cannot be sure that he would have made the same decision be-
forehand given this knowledge.
It is unknown whether this particular patient group with larger resections under
general anaesthesia and concomitant cognitive decrease improve in the long term. We
did not find a correlation between extent of resection and cognitive decrease in the local
anaesthesia group. This would imply that the crucial factor in this is leaving the ‘lan-
guage centres’ in situ. It is difficult to believe that the remaining tissue up to the tempo-
ral pole is not functional. It is probable that it is less functional, which has been proved
as decreased metabolism in the temporal pole in MTS. Does this mean that the resection
can be maximal in these cases? The answer to this is not univocal. The mere fact of not
having found a relationship between extent of resection and cognitive decrease is not
enough evidence for the absence. It has not been found with this group of variables. To
allay the neurosurgeon’s fears with regard to the extent of the resection, more research
and longer follow-up as described in chapters four and five, has to be performed.
Although the study on rhythm perception is not of direct importance in our knowl-
edge on epilepsy surgery, it adds to our knowledge on functional differences between
both cerebral hemispheres and indirectly on validity of the used test, the Seashore
Rhythm Task. Until now, reports on this test were limited to the summation rhythm
score, without concern about the difference in rhythm length in the subtests. The com-
puterized form as in FePsy makes it possible to measure on item level and even measure
reaction times. The importance of this study is the finding that longer auditive rhythms
are better recognized in the right hemisphere, in analogy with what had been demon-
strated in the visual modality. This was shown in an indirect way: operations in the non-
dominant (right) hemisphere led to a decreased capability in the recognition of longer
rhythms. The effect however, is not strong and probably not noticeable in daily life, pos-
sibly of special interest in musicians. It is, anyhow, extra evidence for the holistic man-
ner in which the non-dominant hemisphere processes information.
It is surprising that hardly any valid studies exist on long term cognitive effects of
epilepsy surgery. Often this fact is used against long follow-up: as there are no reports this
is because there are no negative cognitive effects. Yet there may be enough reasons for
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concern. Firstly, becoming seizure free is not always long-lasting. The percentage of
completely seizure free drops from 60% a half year after surgery to 40% after six years, al-
though the seizures are less severe than before. This group of patients with seizure relapse
may have profited for some years from the operation but now they have seizures again
and at the same time have sacrificed some brain mass. Secondly, one can imagine that in
resecting (not always abnormal) hippocampus and neocortex loss in function might ex-
ist, surely in the first period after an operation. A possible taking over of functions by
other brain areas takes time and the mechanisms behind functional reorganization and
plasticity are not yet known. Intelligence cannot be regarded as a specific function, but
as a composite score of an IQ-measure. As such, it is questionable if negative effects of
epilepsy surgery  on intelligence might exist at all. Recurrent seizures may represent a
risk for intellectual decline in children, especially with generalized seizures. Although
our population merely consists of patients with partial complex seizures originating from
the temporal lobe, secondary generalized seizures do exist. Becoming seizure free after an
operation might be a factor which in itself does not lead to a higher IQ but to a lesser
lowered IQ. However, IQ decline after surgery is reported because a decline of VIQ oc-
curs after left (dominant) resection and less increase of PIQ occurs after right (nondom-
inant) temporal resection. This holds only for measurements six months after surgery.
Evidently ‘eloquent’ characteristics of the left hemisphere are vulnerable and reasonably
measurable with the used intelligence test (WAIS). Due to the lack of data on long term
follow-up, we do not know whether these postsurgical differences recover or not. The re-
sults of our study are striking. Allowing for (limited) retest effects, the effects after six
years are hardly different from what are found in control groups. This is encouraging. A
gain on VIQ of 3 points and on PIQ of 9 points can be found in other populations. Tak-
ing into account the influence of the Flynn effect – a general IQ increase of 3 points per
decade – leaves not enough room for a real increase. This may not be surprising, as intel-
ligence is a construct which in general is considered to be rather personal and invariable
in time. A change in IQ is not per se necessarily a change in intelligence. The outcome
of this does not seem to be very impressive. Yet, the results after six years are unexpect-
edly different from those after 6 months. The drop in verbal IQ is undone in the long
term. The period between two and six years after surgery seems to be a period of recovery.
It is possible that this period after surgery is used by the brain to compensate for the loss
of brain mass. The effect is more pregnant in verbal IQ than in performance IQ, proba-
bly by the strong relationship with language representation in the left hemisphere. A
second important result can be indirectly derived from the fact that most seizure free pa-
tients are off AEDs. Six years after surgery there are no differences between subjects on
or off AEDs. Long term effects of AEDs have resolved. Carefully worded, we can con-
clude that the present AEDs have little or insufficient measurable effects on global intel-
ligence in our population. This is not the same as saying that there are no parts of intelli-
gence that are at risk after an operation. Studying the profile of subtests was outside the
scope of this thesis.
Memory is part of the cognition in which the influence of epilepsy is clear. As it is
known that operations in the dominant hemisphere – including the amygdalo-hip-
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pocampal complex – may lead to a decrease of verbal memory (the Wada test is a mere
predictor of global amnesia) puts this function at risk and with this legitimates question-
ing the long term evolvement. Many people have complaints about their memory but
not about their intelligence. Objective study in this is essential. The most important re-
sult of this study is definitely the continuing deterioration of verbal acquisition and con-
solidation in general in left sided resections up to two years after surgery and of the ver-
bal acquisition only in MTS up to at least six years after surgery. Seizure onset, duration
of epilepsy and size of resection are no related factors. Seizure onset is a very unreliable
variable which becomes more reliable in earlier onset. In a late seizure onset the occur-
rence of an earlier seizure can be missed. Also, nature can be less categorical and show an
‘epilepsy gradient’. As duration of epilepsy is dependent on seizure onset it is unreliable
in the same manner. The size of resection is in general given by the extent of the epilep-
togenic zone and is therefore related to the functionality of the tissue. The age at surgery
is generally reported as predictor of post-operative performance. This probably has its
origin in a decreased ability of plasticity of the brain. Surprising was the predictive value
of the lateralization score described in chapter 2 for the postoperative verbal memory af-
ter surgery (only after six months). This strengthens the idea that the functional differ-
ences found at the Wada test are related to clinical difference.
It is important to keep in mind that generalization of the above mentioned de-
crease to other memory areas has to be proved. The decrease was found with one test.
Although this is a commonly and widely used test developed to detect verbal memory
problems, the value of these findings would be emphasized if other memory tests gave the
same outcome.
It would be interesting to study the relations between verbal memory decrease in
MTS and characteristics of the contralateral temporal lobe. Is this decrease related to
contralateral change of the hippocampus, to the existence of a mirror focus, or to seizure
relapse? This research needs larger patient groups in long term follow-up, but also in re-
lation to post-surgical MRI and changes in the EEG. Besides, it might be useful to know
if and when this decrease stops. Only by following these patients further, for instance for
a period of 15 years after surgery can we solve this question. In the end, the patient is the
best measure. As long as the number of operated patients who think they are better off
with seizures than without them is not increasing, epilepsy surgery is an anti-epileptic
instrument with some side-effects.
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algemene discussie
Het doel van dit proefschrift was vanuit neuropsychologisch perspectief enkele onderde-
len uit het chronologische traject te lichten die te maken hebben met onderzoek of ge-
volg van neurochirurgische behandeling van patiënten met therapieresistente epilepsie.
Het zwaartepunt ligt bij de cognitieve effecten van epilepsiechirurgie op de lange ter-
mijn, d.i. minstens zes jaar na operatie. Sinds de introductie van gestructureerd neuro-
psychologisch onderzoek bij epilepsiechirurgie in 1986 is gekozen voor het langdurig
volgen van de patiënt na operatie, iets wat tamelijk uniek is in de epilepsie wereld. Op
dit moment is een database opgebouwd met gegevens van meer dan 450 patiënten.
Bepaalde onderzoeken zijn uniek in hun soort, tot voor kort in Nederland voorbehou-
den aan het UMCU, zoals de Wada test waarbij patiënten onderzocht kunnen worden
terwijl een gedeelte van hun hersenfunctie inactief is gemaakt, en het onderzoek tijdens
zgn. ‘Penfield’ operaties, waarbij door kortdurende electrostimulatie kleine gebieden op
de cortex kunnen worden ‘gestoord’. Het doel bij beide onderzoeken is primair inzicht te
verkrijgen welk gebied sterk betrokken is bij de taalfunctie (Wadatest, Penfieldprocedu-
re) en hoe het geheugen in beide hemisferen ondersteund wordt. Naast dit primaire doel
kan nader onderzoek gegevens opleveren over betrouwbaarheid en, naarmate de onder-
zoeksgroep groeit, nader inzicht verschaffen in relaties tussen verschillende onderzoeks-
variabelen. De Wadatest bijv. is ca. 40 jaar in gebruik in bijna alle instituten waar epilep-
siechirurgie wordt toegepast. De test is geen test in de ware zin van het woord, meer een
procedure, zonder vast voorschrift, zonder ‘uitgever’. Dit is een nadeel, maar tevens een
voordeel. Eenieder kan naar eigen inzicht onderdelen in de test opnemen en globaal vol-
doen aan wat in de literatuur als zinvol wordt aangegeven. Het grootste probleem met de
test is wel de dynamiek van de testsituatie. Geen Wada test is hetzelfde, zodat tijdens de
test vaak het protocol moet worden veranderd. Zo is de werkingsduur van de gebruikte
amobarbital beperkt – bij een dosis van 125 mg is het EEG, als maat voor effect van de
stof, gedurende ca. 6 minuten asymmetrisch. Dat betekent dat geheugenmateriaal vroeg
in het tijdraam moet worden aangeboden. Dat is niet altijd mogelijk, soms slaapt de pa-
tiënt of volgt hij niet met de ogen. Dan moet gewacht worden tot deze verschijnselen
zijn opgeklaard. Hiermee is de situatie dus niet standaard. In een aantal onderzoeksinsti-
tuten probeert men de betrouwbaarheid van de test te verhogen door veel geheugeni-
tems aan te bieden. In het kader van het voorgaande blijkt dat dit tot praktische proble-
men kan leiden, in de eerste plaats doordat de test hiermee uit het tijdraam kan ‘vallen’ –
de aanbiedingen komen op het moment dat de amytal is uitgewerkt, en in de tweede
plaats liggen de 1e en laatste aanbiedingen in tijd ver uit elkaar zodat er een groot ver-
schil is ontstaan in effect van de amobarbital. In onze onderzoeksgroep wordt sinds 1986
gebruik gemaakt van een set van 5 geheugenitems, waarvan de aanbieding in de amytal-
effectieve periode over het algemeen niet langer duurt dan een minuut. De aanbieding
wordt, indien mogelijk, gestart na 2.5 minuut. Indien nu kan worden aangetoond dat de-
ze procedure valide resultaten oplevert kan deze procedure gehandhaafd blijven. Valide
nu, werd geoperationaliseerd als de mogelijkheid gebruik te maken van het (sub)doel
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van de Wada test: voorspellen of er globale amnesie optreedt na operatie, welke zou ko-
men door het wegnemen van hersenweefsel dat noodzakelijk bleek voor een goede ge-
heugenfunctie, de hersenhelft contralateraal aan het focus zou dit geheugen niet kun-
nen ondersteunen. Als de Wadatest dit blijkbaar kan, moet er een relatie bestaan tussen
de uitkomst van de Wadatest en de functionaliteit van de contralaterale hemisfeer.
Blijkbaar wijst een ‘goede’ uitslag naar functionaliteit, een afwijzing op de test naar het
in meer of mindere mate ontbreken ervan. Dit gegeven werd nu gebruikt om de voor-
spellende waarde te bepalen van een aantal variabelen die de een rol spelen bij de Wada-
test. Alleen de score op de geheugenitems levert onvoldoende onderscheidingsvermo-
gen op. Met een statistische techniek (logistieke regressie) werden 4 variabelen geselec-
teerd waarmee de zijde van het focus kan worden aangegeven met een goed-score van
85%. Deze variabelen waren beide geheugenscores, de score van het verhaaltje na in-
spuiting rechts en de mogelijke aanbiedingstijd na injektie links (moment waarop vol-
doende aandacht is hersteld). Hiermee is dus aangetoond dat de Wadatest valide is in de
zin van gevoelig om verminderde functionaliteit aan te tonen. In het verlengde hiervan
kon tevens een relatie worden gelegd tussen verschillen in score en verschillen in aan-
valsvrijheid. Hoewel het effect niet groot is kon in de groep waarbij de plaats van het fo-
cus door de regressievergelijking onjuist werd ‘voorspeld’ een verminderd percentage
aanvalsvrijheid worden waargenomen. De verklaring van dit fenomeen levert wel moei-
lijkheden op. Bij deze groep was er geen sprake van contralaterale afwijkingen op de
MRI. Evenwel werd in de voorafgaande periode alleen gekeken naar grootte-verschillen
tussen beide hippocampi en niet naar absolute groottes, zodat in een aantal gevallen een
mogelijk kleinere dan normale hippocampus niet als atrofisch werd beschouwd. Het is
echter ook mogelijk dat zich een spiegelfocus aan het ontwikkelen is, of dat anatomisch
subtiele verschillen tussen beide temporaalkwabben effect hebben op de (cognitieve)
functionaliteit en op de aanvalsvrijheid na operatie. Onderzoek op de lange termijn zou
duidelijkheid kunnen brengen of er zich in deze groep contralateraal aan het eerder ver-
wijderde focus epilepsie aan het ontwikkelen is, of was.
In het verlengde van de Wadatest ligt de operatie onder Penfield condities, d.i. onder lo-
cale anesthesie met taalmapping. Immers, een dergelijke operatie kan worden overwo-
gen als bij de Wadatest is aangetoond dat het epileptisch focus zetelt in de voor spraak
dominante hemisfeer. Een standaard operatie in de dominante temporaalkwab reikt in
onze situatie niet verder dan 4.5 cm van de temporaalpool. Is dit veilig? Of moeten ei-
genlijk alle operaties in de dominante hemisfeer onder Penfield condities plaatsvinden?
In de literatuur zijn er suggesties gedaan dat er kleine taalcentra zouden bestaan anteri-
eur van het klassieke Wernicke gebied, gerelateerd aan een lager intelligentieniveau,
een IQ beneden de 80. Wat het belang van deze centra is, en of het wegnemen ervan
consequenties heeft voor de taalfunctie is onopgehelderd. En hier ligt een bekende ethi-
sche paradox. Als we checken op taal in de cortex, doen we dit om te vermijden dat de
chirurg positieve taalgebieden verwijdert. Komen we dus deze centra tegen, dan is het
niet ethisch deze te verwijderen om te kijken wat het effect zou zijn. Als we niet op taal
checken, zoals bij algemene anesthesie is niet met zekerheid vast te stellen of er gebieden
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met taal zijn verwijderd. In individuele gevallen schieten we dus tekort, maar bij onder-
zoek in grote groepen kan zo’n relatie misschien wel worden afgeleid. Omdat bij taal-
mapping in 17.5% van de gevallen taal wordt gevonden in de gyrus temporalis superior
en in 7.5% in de gyrus temporalis medius op minder dan 4.5 cm van de temporaalpool,
kan vrijwel zeker worden aangenomen dat dit bij de algemene anesthesie groep niet an-
ders is, mits we typische lesionectomieën in de neocortex uitsluiten. Dit betekent dat er
een bijna zeker aantal gevallen bestaat waarbij operaties onder algemene anesthesie
taalgebieden weghalen die onder locale anesthesie waren blijven staan. Dit kan de ach-
teruitgang verklaren die werd gevonden op het verbale IQ en de Tokentest, zij het net
niet significant op 5% (tweezijdig), maar eigenlijk is er veel voor te zeggen om dit signifi-
cantieniveau op te krikken naar 10%, er is een duidelijk medisch/neuropsychologisch
belang mee gemoeid. Er zou dus wat voor te zeggen zijn om alle operaties in de dominan-
te hemisfeer waarbij – op geleide van de corticografie – neocortex moet worden verwij-
derd onder Penfield condities uit te voeren. Uit hoofdstuk 3 blijkt echter dat de neur-
ochirurg die keus niet altijd heeft, zelfs misschien onwillekeurig selecteert: de groep die
locale anesthesie wordt aangeboden is aanmerkelijk jonger, en waarschijnlijk niet zon-
der reden. Jongere mensen zouden de procedure misschien beter kunnen doorstaan.
Maar als er vrijheid van keuze zou zijn? Dan hangt het af van de waarde die moet worden
toegekend aan de achteruitgang in cognitief opzicht. Dat is niet eenvoudig. Het begrip
‘Quality of Life’ biedt hier geen soelaas, cognitieve achteruitgang afzetten tegen aanvals-
vrijheid. Is het ethisch patiënten te vragen of ze wat taalfunctie zouden willen inleveren
met een kans op aanvalsvrijheid? En inderdaad, in mijn praktijk ben ik een patiënt te-
gengekomen die na de operatie zei dat hij de aanvallen terug wilde hebben, maar dan
meteen óók weer zijn geheugen. Het is echter niet zeker dat hij dit ook vóór de operatie
had beslist indien de gegevens voor zijn speciale geval bekend waren geweest.
Het is onbekend of juist deze patiëntengroep met grote resecties onder algemene anes-
thesie die leiden tot cognitieve achteruitgang op de langere termijn toch weer verbete-
ren. En hoe staat het bij de Penfield groep? Er werd hier geen relatie gevonden tussen
grootte van de resectie en achteruitgang. Dit zou betekenen dat het laten staan van ‘taal-
centra’ de cruciale factor in dezen is. Dat het overige hersenweefsel slechts vulling zou
zijn, is moeilijk te geloven. Dat dit weefsel minder functioneel zou zijn is waarschijnlij-
ker, zeker is dit al aangetoond als verminderd metabolisme van de temporaalpool bij
MTS. Is dat dus een vrijbrief om hier steeds maximaal te reseceren? Hierop is geen een-
duidig antwoord mogelijk. Het feit dat de relatie tussen resectiegrootte en achteruitgang
niet werd gevonden wil niet zeggen dat deze er niet is, maar dat deze vooralsnog niet is
aangetoond in onze groep met deze variabelen. Voordat de neurochirurg zich in deze be-
langrijke materie geen zorgen meer hoeft te maken over de grootte van de resectie moet
vervolgonderzoek en langere follow-up zoals die in hoofdstuk 4 en 5 is verricht worden
uitgevoerd.
Hoewel van minder direct belang voor de kennis omtrent epilepsiechirurgie levert de
studie over ritmeperceptie toch een bijdrage tot de kennis over functionele verschillen
tussen beide hemisferen, en zijdelings ook over validiteit van de gebruikte test, de Sea-
shore Rhythm Task. Tot nu toe beperkten publikaties over deze taak zich tot de totale
ritmescore met voorbijgaan aan de lengteverschillen van de ritmes in de subtests. De ge-
computeriseerde vorm, zoals in FePsy maakt het mogelijk op eenvoudige wijze onderde-
len van de test te scoren en ook de reaktietijden te meten. Het belang van het onderzoek
ligt in het feit dat wat voor de visuele modaliteit werd aangetoond – langere ritmes wor-
den beter herkend in de rechter hemisfeer – nu ook is aangetoond in de auditieve moda-
liteit en wel op indirecte wijze: operaties in de nondominante hemisfeer geven een ver-
minderd vermogen op het herkennen van langere ritmes. Het effect is niet sterk en in
het dagelijks leven waarschijnlijk niet merkbaar, wellicht een aandachtspunt bij musici.
Het is in ieder geval extra evidentie voor de holistische wijze waarop de rechterhemi-
sfeer informatie verwerkt.
Het is verwonderlijk dat er nauwelijks betrouwbare studies zijn over de lange termijn
cognitieve effecten van epilepsiechirurgie. Vaak is dit zelfs één van de argumenten tegen
deze lange follow-up: als er geen literatuur over is, dan zijn die negatieve effecten er vast
ook niet. Toch is er reden voor zorg. In de eerste plaats is verkregen aanvalsvrijheid na
chirurgie geen blijvend goed, het percentage volledig aanvalsvrijen daalt van 60% vlak
na operatie tot onder 40% na zes jaar, hoewel de aanvallen meestal wel minder ernstig
zijn dan voorheen. Deze groep patiënten heeft dan wel een aantal jaren baat gehad bij de
operatie, maar er zijn weer aanvallen als is er hersenmassa ingeleverd. In de tweede
plaats is het voorstelbaar dat met het wegnemen van (niet altijd zieke) hippocampus en
neocortex functie verloren moet gaan, in ieder geval in de eerste periode na operatie.
Mogelijk overnemen van functies door andere hersendelen kost immers tijd en de me-
chanismen achter functionele reorganisatie en plasticiteit zijn nog allerminst opgelost.
Intelligentie is niet zozeer een specifieke functie, maar als IQ-maat een composietscore.
Het is dan ook de vraag of er grote effecten van epilepsiechirurgie zouden zijn op de in-
telligentie. Het hebben van aanvallen en dan met name gegeneraliseerde aanvallen, zou
gepaard gaan met een wat lager IQ bij kinderen. Hoewel onze populatie bestaat uit pa-
tiënten met aanvallen uitgaand van de temporaalkwab die grotendeels bestaan uit par-
tieel complexe aanvallen, komen er ook secundair gegeneraliseerde aanvallen voor.
Aanvalsvrijheid na operatie zou dan een factor kunnen zijn die dan misschien niet leidt
tot een reëel hoger IQ, maar dat meer beschouwd kan worden als een minder gedrukt IQ.
Toch worden er IQ dalingen gemeld na operatie, en wel een daling van het VIQ bij ope-
raties in de linker (dominante) hemisfeer en een minder sterke stijging van het PIQ na
operaties in de rechter temporaalkwab. Dit gaat dan om metingen ‘slechts’ 6 maanden
na operatie. Blijkbaar zijn de ‘talige’ eigenschappen van de linker hersenhelft als repre-
sentatie kwetsbaar en redelijk meetbaar met de gebruikte intelligentietest (WAIS). Om-
dat er geen lange follow-up bestaat weten we niet of deze verschillen na operatie blij-
vend zijn of niet. De uitkomsten van het hier gepresenteerde onderzoek zijn verrassend.
Rekening houdend met (beperkte) hertest-effecten lijken de effecten na 6 jaar nauwe-
lijks anders dan wat bij controlegroepen wordt gevonden. Dat is bemoedigend. Een stij-
ging van het verbale IQ van gemiddeld 3 punten en van het performale IQ 9 punten
vindt men ook bij andere populaties. Als we hierbij nog rekening moeten houden met de
invloed van het Flynn-effect – een algemene stijging van het IQ met ca. 3 punten per de-
cade – blijft er grosso modo weinig reële stijging over. Dat is ook niet vreemd, intelligen-
tie is een construct waarvan algemeen wordt aangenomen dat het persoonsgebonden en
onveranderlijk in tijd is. Dat het IQ kan veranderen wil daarmee nog niet zeggen dat de
intelligentie is veranderd. Hiermee lijken de uitkomsten weinig spectaculairs te bieden.
Toch zijn de uitkomsten na 6 jaar onverwacht anders dan na een half jaar. De terugval
van het verbale IQ wordt op termijn teniet gedaan. De periode tussen 2 en 6 jaar na ope-
ratie is blijkbaar een periode waarin het herstel optreedt. Het is mogelijk dat dit een pe-
riode na operatie is waarop het brein de kans heeft gekregen te compenseren voor het
verlies aan hersenmassa. Dat dit duidelijker zichtbaar is bij het VIQ in tegenstelling tot
het PIQ kan te maken hebben met de al eerder aangehaalde sterke taalrepresentatie in
de linkerhemisfeer. Een tweede belangrijke uitkomst is indirect af te leiden uit het feit
dat in het merendeel van de aanvalsvrije patiënten de medicatie wordt gestopt. Er zijn 6
jaar na operatie geen intelligentieverschillen tussen patiënten die wel of geen medicatie
meer gebruiken. Hiermee zijn langdurige effecten van medicatiegebruik uitgedoofd.
Voorzichtig kan dus worden geconcludeerd dat de huidige antiepileptica weinig of in ie-
der geval onvoldoende meetbare invloed hebben op de intelligentie als geheel, in ieder
geval in onze populatie. Hiermee is niet gezegd dat er geen onderdelen van de intelligen-
tie zijn die mogelijk wel risico lopen na een operatie. Onderzoek naar het profiel van de
subtests viel buiten het bestek van deze dissertatie.
Als er echter één onderdeel van de cognitie is waarvan de invloed van epilepsie merk-
baar is dan is het het geheugen. Omdat bekend is dat het verbale geheugen bij operaties
in de dominante hemisfeer, waaronder het amygdalo-hippocampale complex, achteruit-
gaat (de Wada test was louter bedoeld voor voorspelling van globale amnesie) en op die
manier dus een risicofunctie vormt is het zeer nuttig te weten wat het verloop is van deze
functievermindering op langer termijn. Het is bekend dat veel mensen vaak geheugen-
klachten hebben, terwijl ze dat niet hebben over hun intelligentie. Objectief onderzoek
is echter onontbeerlijk. De belangrijkste uitkomst van dit onderzoek is de continue ach-
teruitgang van de verbale inprenting en de consolidatie in het algemeen na linkszijdige
resecties tot 2 jaar na operatie en van de verbale inprenting alleen bij MTS tot minstens
6 jaar na operatie. Effecten die hierbij geen rol spelen zijn het debuut van de epilepsie, de
duur van de epilepsie en de grootte van de resectie. Debuut is een zeer onbetrouwbare
variabele die betrouwbaarder is naar mate het debuut lager is. Bij een laat debuut kan
een vroegere aanval gemist zijn. Daarbij kan de natuur minder categorisch te werk gaan
en een ‘epilepsie gradient’ vertonen. Hieraan gerelateerd is ook de duur van de epilepsie
niet betrouwbaar, omdat hij afhankelijk is van het debuut. De grootte van de resectie
wordt over het algemeen ingegeven door de uitgebreidheid van de epileptogene zone en
is daarom gerelateerd aan de functionaliteit van het weefsel. Leeftijd ten tijde van de
operatie wordt algemeen gevonden als voorspeller van de postoperatieve cognitieve
prestatie en heeft waarschijnlijk te maken met de met het klimmen der jaren verminder-
de mogelijkheid tot plasticiteit van het brein. Dat de in hoofdstuk 2 ontwikkelde latera-
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lisatiescore voorspellende waarde heeft voor het verbale geheugen na operatie (slechts
tot 6 maanden postoperatief) werd als verrassend ervaren en werkt versterkend voor het
idee dat de bij de Wada test gevonden functionele verschillen tussen beide hemisferen
gerelateerd zijn aan klinische verschillen.
Het is belangrijk voor ogen te houden dat generalisatie van de bestaande achteruitgang
naar andere geheugenonderdelen zich nog moet bewijzen. De achteruitgang werd aan-
getoond met één test. Weliswaar is dit een zeer algemeen gebruikte test, ontwikkeld voor
het diagnostiseren van verbale geheugenproblematiek, maar het zou de waarde van de
onderhavige uitkomsten aanzienlijk versterken als ook met andere geheugentests deze
achteruitgang werd bevestigd.
Het zou goed zijn te onderzoeken wat de precieze relaties zijn tussen de optredende ver-
bale geheugenachteruitgang speciaal bij MTS en eigenschappen van de contralaterale
temporaalkwab. Is deze achteruitgang gerelateerd aan contralaterale veranderingen van
de hippocampus, eventueel een mirrorfocus, is hij gerelateerd aan het weer opduiken
van de epilepsie? Hiertoe moeten niet alleen de groepen bij lange termijn follow-up wor-
den vergroot, maar moeten ook relaties worden gelegd met postchirurgische MRI en
veranderingen in het EEG. Daarnaast zou het nuttig zijn te weten wanneer deze achter-
uitgang stopt. Dit komen we alleen te weten door de patiënten te blijven volgen en op-
nieuw voor onderzoek terug te laten komen, bijv. 15 jaar na operatie. Uiteindelijk blijft
de patiënt zelf de beste graadmeter. Zolang er niet méér patiënten worden geopereerd die
vinden dat ze slechter af zijn zonder dan met aanvallen is epilepsiechirurgie een goed an-
ti-epilepticum met wel een enkele bijwerking.
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Chapter 8
Summary 

summary
Only a small number of patients with epilepsy undergo a neurosurgical operation. With
this, the area from which epileptic neurons generate seizures is removed. The road to-
wards the realisation of an operation is long. Before the operation the patient undergoes
many assessments from different disciplines, after surgery the patient has to be followed-
up to check the status. The thread in this thesis is chronological. From a neuropsycho-
logical perspective several different assessments and outcomes are being looked at.
Chapter 2 deals with research on the Wada test. In this test, devised by the Japan-
ese neurologist Juhn Wada in 1949 and further elaborated in the sixties, the language-
dominant hemisphere can be assessed (which is most often the left side) and can be pre-
dicted which individuals are at risk for post-surgical global amnesia. Intracarotid injec-
tions are performed by transfemoral catheterization with a shortlasting narcotic (amo-
barbital). The injected hemisphere is made inactive for 6 minutes, allowing assessment
of the function of the still active hemisphere. The Wada test is thought to be sensitive to
bilateral dysfunction of the critical memory function in the temporomesial area. We
tried to do the reverse. If the Wada test showed a lower memory score in one hemi-
sphere, could this be related to the side of focus? We applied a statistical technique (lo-
gistic regression) in which we included four variables: both memory scores after injec-
tion, memory of a story told before injection, and an attention score – the moment at
which the patient has recovered such that he can be tested. With this set of variables the
side of a focus can be classified in 85%  of the patients. Additionally, false prediction re-
sults in a slightly lowered chance of becoming seizure free.
Chapter 3 follows naturally from chapter 2. When the Wada test shows that the
side of focus is the eloquent side of the brain, the neurosurgeon has the option of operat-
ing under local anaesthesia – the so called Penfield procedure – in which the operation
can be carried out without damaging the language areas. This is not always necessary or
possible (the procedure can be too stressful for the patient). An operation under Penfield
conditions is offered to about 40% of the patients with a focus in the language dominant
side. Not performing an operation under Penfield conditions might include a risk of
damaging the anterior language areas. We looked at cognitive differences between both
procedures six months after surgery. We found a relationship between the extent of the
removed brain tissue in the superior temporal gyrus under general anaesthesia and a low-
ered verbal IQ and verbal comprehension.
In chapter 4 we described a study on differences in auditory rhythm perception in
both cerebral hemispheres. It is known that longer visual rhythms appear to be better
(holistically) processed by the right hemisphere. We used a rhythm test which consisted
of 30 pairs of rhythms varying in length from 5 to 7 elements. We expected that the re-
moval of brain tissue in right-sided resections should lead to a diminished recognition of
longer rhythms. This appeared to be the case. With this, the notion that functional dif-
ferences between left and right hemisphere can be regarded as analytic or holistic pro-
cessing of information respectively is enhanced.
Chapter 5 deals with the effects of an operation on intelligence. It is known from
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literature that half a year after left temporal lobe surgery verbal intelligence shows a
slight decrease and performal intelligence shows less increase after right surgery than af-
ter left temporal lobe surgery. We followed now patients 6 years after surgery (with as-
sessments after six months, two years and six years). This offers a unique opportunity to
study the effects in the long term. This study showed that the decrease of verbal IQ after
left temporal lobe surgeries is undone after two years. From two to up to six years this IQ
shows an increase of up to normal values. There are not many differences between pa-
tients who have been operated on and assessed more than once. The latter always yields
a retest effect, otherwise known to be a normal increase in retesting.
Chapter 6 is devoted to long term follow-up of verbal memory. This function is pur-
ported to be a risk function in left temporal lobe surgery. After these operations verbal
memory changes are noticeable. Not known however, were the effects in the long term.
In all patients the hippocampus (as important relay station to long term memory) and
part of the neocortex is resected. The study revealed a specific group at risk. This group
consists of patients with mesiotemporal sclerosis with an atrophic hippocampus. Verbal
acquisition and consolidation in general shows an ongoing decrease up to two years after
surgery, but the verbal memory of patients with a diagnosis of mesiotemporal sclerosis
shows an ongoing decrease up to six years after surgery. To give an indication of the ef-
fect, the latter group had scores which were 15% below the assessment before surgery.
This is not dramatic, but quite striking. It is not sure whether patients experience this as
a nuisance because memory complaints do not go hand in hand with memory failure. It
would be advisable to follow this very group further to unravel the mechanisms behind
these differences in decrease.
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samenvatting
Een klein deel van patiënten met epilepsie komt in aanmerking voor een neurochirurgi-
sche operatie. Hierbij wordt het gebied verwijderd van waaruit epileptische neuronen
aanvallen veroorzaken. In het bijzonder patiënten met zogenaamde temporale epilepsie,
waarbij de aanvallen beginnen in de slaapkwab, kunnen zo met succes chirurgisch be-
handeld worden. Voordat de operatie kan worden uitgevoerd zijn vaak veel onderzoeken
in verschillende disciplines vereist. Na de operatie volgen er veelvuldige controles. De
rode draad in dit proefschrift is een chronologische, waarbij vanuit neuropsychologisch
perspectief een aantal van die verschillende onderzoeken wordt bekeken.
Hoofdstuk 2 behandelt onderzoek met de Wada test bij patiënten met temporale
epilepsie. Deze test werd voor het eerst toegepast door de Japanse neuroloog Juhn Wada
in 1949 en verder uitgewerkt in de jaren ‘60. Dit onderzoek heeft tot doel te bepalen wel-
ke hersenhemisfeer in hoofdzaak is betrokken bij het spreken. Dit is meestal de linker.
Bovendien wordt daarbij onderzocht of de hemisfeer waarin niet geopereerd wordt vol-
doende functioneel is om te voorkomen dat er uitgebreid geheugenverlies optreedt na
operatie in de aangedane hemisfeer. In de test wordt via een catheter een kortdurend
slaapmiddel (natriumamytal) in één van beide halsslagaders ingespoten. Met dit middel
wordt één hemisfeer ca. 6 minuten inactief gemaakt. Gedurende deze tijd is het mogelijk
de functie van de andere – actieve – hemisfeer te meten. Met de Wadatest kan dus aan-
getoond worden welke hemisfeer minder goed functioneert wat betreft het geheugen.
Het is nu mogelijk een relatie te leggen tussen de uitkomsten van dit onderzoek en on-
derzoek uit andere disciplines voor de lateralisatie van de epileptische haard. Hiervoor
is in dit onderzoek een statistische techniek toegepast (logistieke regressie) waarin de
scores op vier variabelen worden onderzocht. Dit zijn de beide geheugenscores na in-
spuiting van de natriumamytal, de geheugenscore op een tevoren verteld verhaaltje en
een attentiescore, gemeten als het moment waarop de patiënt weer zover ‘bij’ is dat hij
testbaar is. Met deze variabelen is het mogelijk van 85% van de patiënten de zijde van
het focus juist aan te geven. Voorts blijkt dat de patiënten bij wie de zijde van het focus
fout werd ‘voorspeld’ een wat verminderde kans op aanvalsvrijheid hadden.
Hoofdstuk 3 hangt inhoudelijk nauw samen met hoofdstuk 2. De neurochirurg
staat een speciale techniek ter beschikking als met de Wadatest gebleken is dat de spraak
gerepresenteerd is in de hemisfeer waarin ook de epilepsiehaard gelegen is. Dit is de zgn.
Penfield procedure. 
Tegenwoordig wordt bij deze techniek geopereerd onder algemene anesthesie, maar
wordt de patiënt tussentijds wakker gemaakt. Zo is het mogelijk intraoperatief het ge-
bied van de hersenschors af te grenzen dat nauw bij het spreken betrokken is. Niet bij al-
le patiënten is dit nodig, of mogelijk (de procedure is zwaar voor de patiënt). Ruwweg
40% van de patiënten met een focus in de taaldominante kant ondergaat een Penfield
operatie. Het opereren onder volledige anesthesie zou een risico kunnen inhouden, om-
dat dan niet volledig zeker is dat het te verwijderen hersenweefsel niet bij de spraak is be-
trokken. Daarom werd gekeken naar de mogelijke cognitieve verschillen na deze twee
soorten operaties (onder lokale vs. volledige anesthesie). Er werd zo een relatie aange-
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toond tussen de grootte van de resectie in de gyrus temporalis superior (het bovenste ge-
deelte van de temporaalkwab) bij algemene anesthesie en verandering in het verbale IQ
en verbaal begrip.
In hoofdstuk 4 wordt onderzocht of er een verschil is in ritmeperceptie tussen beide
hersenhemisferen. Bekend is dat langere visuele ritmes (met lichtflitsen) beter herkend
worden in de rechterhemisfeer. Ons onderzoek bestond uit 30 paren tonale ritmes die in
lengte oplopen van 5 tot 7 elementen. De vraag was of operatieve resectie in de rechter-
slaapkwab leidde tot een verminderd vermogen lange ritmes te herkennen. Dit bleek in-
derdaad het geval. Hiermee is er extra evidentie ontstaan voor de opvatting dat functie-
verschillen tussen linker- en rechterhemisfeer tot uiting komen in een respectievelijk
meer analytische vs. een meer holistische verwerking van informatie.
In hoofdstuk 5 wordt onderzocht of er effecten zijn van de operatie op de intelli-
gentie. Uit de literatuur is bekend dat een half jaar na operatie in de linker temporaal-
kwab de verbale intelligentie licht daalt en dat het performale IQ minder stijgt bij opera-
ties in de rechter temporaalkwab dan in de linker. Omdat wij de patiënten 6 jaar volgen
(we zien patiënten terug 6 maanden, 2 jaar en 6 jaar na operatie) is dit een unieke kans
om de effecten op de lange termijn te onderzoeken. Uit het onderzoek blijkt dat de te-
rugval van het verbale IQ na operaties in de linker temporaalkwab na twee jaar teniet
wordt gedaan. Van twee tot zes jaar na operatie stijgt dit IQ weer tot normale waarden.
Er zijn dan weinig verschillen tussen mensen die geopereerd zijn en herhaalde malen on-
derzocht – waarbij altijd een hertest effect optreedt –  en wat uit de literatuur bekend is
over normale stijging bij herhaald testen.
Hoofdstuk 6 is gewijd aan lange termijn onderzoek van het verbale geheugen. Be-
kend is dat dit een risico loopt te verminderen bij operaties in de linker temporaalkwab
(taaldominante hemisfeer). Na een dergelijke operatie vermindert het verbale geheugen
merkbaar. Ook hierbij is onbekend wat de effecten zijn op de lange termijn. Bij alle on-
derzochte patiënten werd de hippocampus, waarvan we weten dat deze een belangrijke
schakel vormt in de opslag van de herinneringen, èn een gedeelte van de neocortex ver-
wijderd. De uitkomst van het onderzoek lijkt er op te wijzen dat er een speciale risico-
groep bestaat. Deze groep bestaat uit patiënten waarbij de epilepsie is gerelateerd aan
mesiotemporale sclerose; hierbij is er een typische atrofie opgetreden van de hippocam-
pus. Uit ons onderzoek bleek dat in het algemeen het verbale inprentingsvermogen en
de verbale opslag na operaties links continu terugloopt tot 2 jaar na operatie en dat bij
patiënten die deze mesiotemporale sclerose hadden gehad het verbale inprentingsver-
mogen verder blijft dalen tot minstens 6 jaar na operatie. Om een indicatie te geven over
de grootte van het effect: Deze laatste groep scoort 6 jaar na operatie ca. 15 % lager in
vergelijking dan vóór operatie. Dat is niet dramatisch, maar wel opvallend. In hoeverre
patiënten daar last van hebben is moeilijk aan te geven en hoeft niet altijd samen te
hangen met de hoeveelheid klachten over het geheugen. Het zou aan te raden zijn juist
deze groep te blijven volgen om te zien welke mechanismen een rol spelen bij de gevon-
den verschillen in achteruitgang.
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